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EXECUTIVE  SUMMARY 


Male  and  female,  Sprague-Dawley ,  60-day-old  rats  were  exposed  by 
inhalation  to  fog  oil  smoke  (MIL  SPEC.  SGF-2) ,  a  light  lubricating  oil. 
Mortality  studies  showed  fo0  oil  smoke  to  be  100%  lethal  at  11.0  mg/L,  95% 
lethal  at  5.0  mg/L,  20%  lethal  at  1.0  mg/L,  and  0%  lethal  at  *  1  Mg/L  after  a 
6-hr  exposure.  The  observed  LC50  of  fog  oil  smoke  after  a  1  exposure  was 

5.2  mg/L.  Two  exposure  regimens  were  utilized;  one,  a  4-wk,  subacute 
range-finding  study,  and  two,  a  13-wk  subchronic  study.  During  the 
range-finding  study,  various  exposure  concentrations,  frequencies,  and 
durations  were  investigated  to  determine  the  conditions  to  be  used  and 
parameters  to  be  tested  in  the  subchronic  study.  The  4-wk  subacute  exposure 
regimen  (Phase  II)  consisted  of  two  exposure  concentrations  (0.5  and 
1.5  mg/L),  two  exposure  frequencies  (70  min  and  3.5  hr/day)  and  two  exposure 
durations  (2  and  4  days/wk) ;  both  sexes  were  exposed  and  examined  for 
specified  parameters.  A  separate  study  of  xenobiotic  metabolism  was  also 
conducted  to  determine  if  the  effects  observed  on  hepatic  metabolism  were  due 
solely  to  inhalation  or  if  ingestion  of  the  oil  during  preening  was  also  a 
contributing  factor.  The  subchronic  exposure  regimen  consisted  of  the  same 
two  exposure  concentrations  (0.5  and  1.5  mg/L)  for  3.5  hr/day,  4  days/wk  for 
13  wk,  exposing  males  only  (Phase  III  Part  A).  A  separate  group  of  animals 
was  held  for  4  wk  after  the  13-wk  exposure  terminated  to  determine  if  effects 
might  be  reversible,  latent,  or  progressive.  Control  animals  were  subjected 
to  similar  exposure  conditions  but  breathed  filtered  air.  The  average  mass 
median  aerodynamic  diameter  (MMAD)  of  the  aerosol  was  1  to  1.3  pm  with  a 
geometric  standard  deviation  of  1.5. 

Two  additional  subchronic  studies  were  conducted.  In  one  study,  fog  oil 
smoke  concentrations  of  0.2  and  0.5  mg/L  were  used  with  the  same  study  regimen 
to  determine  a  no-effect  level  (Phase  III  Part  B) .  The  other  compared  the 
effects  of  a  3.5-hr/day,  4-day/wk  exposure  for  13  wk  at  1.5  mg/L  in  male  and 
female  rats  (Phase  III  Part  C). 

Numerous  biological  parameters  were  investigated  to  determine  the  health 
effects  of  exposure  to  the  fog  oil  smoke.  The  pulmonary  parameters  included 
histopathalogy,  pulmonary  function,  cardiovascular  physiology,  pulmonary 
edema,  and  pulmonary  cell  differentials.  Systemic  parameters  included 
histopathology,  behavioral  response,  clinical  chemistry,  hematology, 
immunology,  and  xenobiotic  metabolism. 

Several  effects  were  observed  after  4  wk  of  exposure.  A  significant 
increase  in  luug  wet  weight  and  lavage  fluid  protein  suggested  the  presence  of 
edema  in  the  lungs  of  a  i-tts  exposed  to  1.5-mg/L  fog  oil  smoke  for  4  wk.  The 
increase  observed  in  lu*.g  >.ry  .-eights  after  4  wk  may  be  explained  by  the 
hypereellularity  (i.e.,  influx  of  macrophages  and  polymorphonuclear 
leukocytes)  observed  in  these  same  animals.  These  phagocytic  cells  are  known 
to  play  an  important  role  in  the  inf lammatory  responses  of  the  lungs . 
Postmortem  analysis  of  these  animals  also  revealed  a  multifocal  pneumonitis  m 
rats  exposed  to  the  high  concentration  for  4  w-k.  tung  volumes,  lung 
comp  l lance,  and  ventilation  distribution  were  not  affected  by  fog  oil  smoke 


exposure;  however,  end  expiratory  volume  (EEV)  increased,  indicating  an 
inflammatory  response.  We  suspect  that  the  increased  EEV  allowed  the  rats  to 
ventilate  the  lung  more  efficiently  with  each  breath,  preventing  a  decrease  in 
diffusing  capacity  and  maintaining  gas-exchange  homeostasis.  Of  the 
parameters  investigated  that  relate  to  xenobiotic  metabolism,  only 
zoxazolaraine-induced  paralysis  time  was  significantly  affected.  This 
parameter,  like  pentobarbitol-induced  sleeping  time,  is  related  to  metabolism 
by  the  cytochrome  P450  system,  and  thus  the  concentration-related  decrease  of 
paralysis  time  may  indicate  an  induction  of  a  specific  isoenzyme  of  the 
hepatic  cytochrome  P450  system,  an  effect  that  is  consistent  with  the 
polycyclic  hydrocarbon  content  of  the  fog  oil  smoke. 

Immediately  following  the  13-wk  exposures,  we  observed  effects  similar  to 
those  following  the  4-wk  exposure.  A  significant  increase  in  lung  dry  weight 
at  both  0.5-  and  1.5-mg/L  fog  oil  smoke  correlated  with  a  significant 
infiltration  of  alveolar  macrophages  and  polymorphonuclear  leukocytes  observed 
at  these  concentrations.  Additional  pathological  findings  included  focal 
hemorrhage  at  1.5  mg/L  and  peribronchial  lymphoid  hyperplasia  with  multiple 
pockets  of  macropb»<*e  accumulation  in  the  peribronchial  lymph  nodes  at  both 
concentrations.  the  4-wk  study,  zoxazolamine-induced  paralysis  time  was 

significantly  deci..  both  concentrations.  In  addition,  aryl  hydrocarbon 

hydroxylase  (AHH)  ac  y  significantly  increased  as  fog  oil  smoke 
concentration  increase  Because  the  fog  oil  smoke  did  not  cause  any  changes 
in  pentobarbital-induced  sleeping  time  or  liver  cytochrome  P450  levels,  the 
correlation  between  AHH  activity  and  paralysis  time  further  substantiates  the 
hypothesis  that  the  constituents  of  the  fog  oil  smoke  induced  the  hepatic 
cytochrome  P450  system,  specifically  Pj-450.  This  induction  could  have 
implications  for  drug  therapy  and  metabolism  of  other  foreign  compounds  by  the 
liver. 

Animals  examined  after  a  4-wk  recovery  period  also  showed  effects.  A 
significant  increase  in  lung  wet  and  dry  weights  was  observed  after  the 
1.5-og/l  exposure.  Histopatha logically ,  animals  exposed  to  0.5  and  1.5  mg/L 
retained  the  accumulation  of  alveolar  macrophages  and  exhibited  hyperplasia  in 
peribrouchial  lymph  nodes.  In  addition,  3  of  10  male  animals  exposed  to 
1.5  mg/L  exhibited  multifocal  granulomatous  pneumonia.  This  development  of 
granulomas  after  the  cessation  of  exposure  suggests  a  progressive  lesiou. 

In  Phase  III  Part  B,  an  attempt  was  made  to  find  a  uo-observable-effeet 

level.  However,  even  at  0.2  ag/L  fog  oil  smoke,  there  was  still  an  observed 

increase  in  alveolar  macrophages  in  the  lung,  an  increase  in  lavage  fluid 
protein,  an  increase  in  AHH  activity,  and  a  decrease  in  zoxazolamine-induced 
paralysis  time.  These  changes  were  concentration  related. 

In  Phase  III  Part  C,  the  response  of  male  rats  was  compared  to  the 

response  of  female  rats  after  exposure  to  l.S  ag/L  fog  oil  smoke.  The 

response  of  both  sexes  was  similar  in  direction  (increase  or  decrease)  but  not 
necessarily  similar  in  magnitude.  However,  when  all  the  parameters  assessed 
were  evaluated,  neither  gender  appeared  to  be  more  sensitive  than  the  other. 


> 


In  conclusion,  4-wk  subacute  and  13-wk  subchronic  inhalation  exposures  to 
fog  oil  smoke  appear  to  cause  an  inflammatory  response  in  the  lungs  of  adult 
male  and  female  rats,  yet  pulmonary  function  and  gas  exchange  are  not 
compromised.  However,  formation  of  granulomas  appears  to  be  progressive  after 
cessation  of  exposure.  Significant  systemic  effects  were  evident  in  the 
alteration  of  hepatic  zoxa2olamine-induced  paralysis  time  and  AHH  activity, 
suggesting  a  compromised  xenobiotic  metabolism  system. 
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INTRODUCTION 


Chemical  smokes/obscurants  are  used  by  the  military  to  conceal  personnel, 
materiel,  or  installations  from  direct  visual  observation.  The  smoke  from  a 
petroleum  distillate  product  is  generated  by  injecting  a  light  lubricating  oil 
(SGF-2)  into  a  heated  engine  exhaust  manifold  where  it  vaporizes  and 
eventually  recondenses  in  the  atmosphere.  Army  personnel  may  be  exposed  to 
this  chemical  smoke  when  it  is  released  into  the  environment  in  training  or 
combat  operations.  Because  this  petroleum  smoke  is  a  large  area  screening 
obscurant,  the  duration  of  exposure  is  usually  hours  within  a  single  day,  and 
exposures  may  be  repeated  over  consecutive  days.  Evaluation  of  the  potential 
hazards  posed  by  this  smoke  to  human  health  is  a  necessary  portion  of  the  data 
base  required  to  establish  comprehensive  health  criteria  for  the  field  use  of 
smokes  and  obscurants. 


METHODS 


FACILITY  DESCRIPTION 

A  detailed  description  of  the. exposure  facility  has  been  previously 
published  (Inhalation  Toxicology  of  Fog  Oil  Obscurant  Phase  I:  Inhalation 
Exposure  Facility  DTIC  AD  No.  A144875).  The  exposure  facility  consisted  of  a 
600-ft2  exposure  facility,  a  160-ft2  pre-exposure  animal  room  (700  rat 
capacity)  and  a  200-ft2  postexposure  animal  holding  room  (900  rat  capacity). 
Six  27-  x  27-m.  stainless  steel  Rochester-type  exposure  chambers  were 
installed  in  the  exposure  facility.  Chamber  air  was  drawn  from  room  air 
filtered  through  chemical,  bacteriological,  and  radiological  filters. 

The  fog  oil  smoke  generation  and  exhaust  systems  were  based  on  the  design 
developed  at  Oak  Ridge  National  Laboratories  (ORNL)  under  Interagency 
Agreement  DOE  No.  40-1016-70  with  the  modifications  mentioned  below.  Each 
exposure  chamber  had  its  own  generation  and  exhaust  filtration  system  to  allow 
maximum  flexibility  of  chamber  control  and  minimal  disruption  of  exposure 
schedules . 

The  exposure  facility  provided  automatic  or  manual  (local  servo)  control 
of  the  fog  oil  smoke  concentration  in  the  exposure  chamber.  Automatic  control 
significantly  reduced  operator  time,  increased  exposure  stability  aud  provided 
accurate  and  rapid  data  processing.  Real-time  aerosol  monitors 
(GCA/Envi ronmenta 1  Instruments  Model  RAM-1,  Bedford,  MA)  provided  real-time 
concentration  monitoring  as  well  as  the  signal  for  automatic  control.  The 
RAM-ls  were  calibrated  for  the  aerosol  exposure  by  comparing  the  RAM- 1  values 
to  gravimetr ica l ly  analyzed  filter  samples,  thus  converting  the  RAM- 1  values 
to  a  mass  concentration.  The  calibration  curve  enabled  the  computer  to 
control  the  mass  concentration  in  the  chamber  by  varying  the  flow  rate  of  the 
metering  pump  injecting  the  fog  oil  smoke  into  the  Vyeor-clad  immersion 
heater.  Filter  samples  were  obtained  and  atialyzrd  gravimetrical ly  to 
determine  the  absolute  concentration  at  intervals. 
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Tests  were  conducted  to  verify  the  stability  of  the  aerosol  generation  and 
delivery  system  and  the  homogeneity  of  aerosol  distribution  within  the 
chambers. 

A  study  was  conducted  to  determine  the  feasibility  of  applying  an 
analytical  chemical  method  for  the  routine  chemical  characterization  of  the 
SGF-2,  lubricating  oil  and  fog  oil  smoke.  The  major  conclusion  of  the  study 
was  that  the  method  proposed  for  chemical  characterization  of  the  fog  oil 
using  high  performance  liquid  chromatography  (HPLC)  separations  with 
subsequent  gas  chromatography  analysis  yielded  little  useful  information  and 
was  extremely  time  consuming.  Therefore,  it  was  not  feasible  to  use  this 
technique  for  routine  chemical  characterization  of  the  fog  oils  being  used  in 
these  inhalation  studies. 

An  alternative  technique  using  an  HPLC  separation  technique  with 
monitoring  at  254  nm  was  recommended.  Separations  of  fog  oil  by  HPLC 
techniques  are  reproducible  for  aromatic  and  semipolar  fractions.  By 
selecting  10  points  on  the  absorbance  curves,  quantitative  monitoring  of  the 
chemical  nature  of  the  fog  oil,  aerosol,  and  vapors  could  be  accomplished.  It 
was  decided  that  EPA  would  take  duplicate  filter  samples  and  ship  one  set  to 
ORNL  for  analysis  and  characterization.  USEPA  is,  therefore,  not  responsible 
for  this  data. 

EXPOSURE  CONDITIONS 

All  exposures  were  conducted  according  to  methods  described  report  DTIC  AD 
No.  A144875.  Two  quality  control  filter  samples  per  exposure,  per  chamber  per 
day  were  collected  and  weighed.  The  first  sample  was  used  to  verify  the 
accuracy  of  electronic  concentration  monitors.  The  second  sample  was  archived 
for  subsequent  chemical  analysis. 

Phase  I  -  Subacute  Mortality  Studies 

Preliminary  Tests 

Eighty  CD  rats  (Charles  River  Breeding  Laboratories,  Kingstou,  NY), 

4  groups  of  10  males  and  10  females  per  group,  were  exposed  for  6.0  hr  to 
11. 0,  5.0,  1.0,  or  0.1  ag/L  of  fog  oil  smoke,  respectively.  Fifty  rats,  five 
groups  of  five  male  and  five  female  rats  per  group,  were  also  exposed  to  6.1, 
3.4,  or  2.0  ag/L  for  4.0  hr;  S.3  mg/L  for  3.5  hr;  or  3.2  ag/L  for  2.0  hr, 
respectively.  In  addition,  10  female  rats  were  exposed  to  9.8  mg/L  for 
2.0  hr. 

Lethal  Concent ratiaa-Medi an  (LC *,q)  Studies 

The  concentrations  chosen  to  be  administered  for  each  exposure  time  appear 
in  Table  l.  The  selection  of  concentrations  at  6.0  hr  was  based  on  the 
preliminary  mortality  study  data.  Because  it  w«s  our  understanding  that  the 
concentrations  toe  each  exposure  period  should  attempt  to  bracket  the 
mortality  experience  in  the  ld-SC-%  range,  the  upper  99T,  confidence  limit  for 
the  6.0-hr  exposure,  or  2,34  ag/L,  was  chosen  as  the  highest  concentration  to 
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TABLE  1.  EXPOSURE  CONCENTRATIONS  FOR  THE 
MORTALITY  STUDIES 


Exposure 

Time  (hr) 

Concentration 

(mg/L) 

Targeted 

Actual 

2.0 

0.54 

0.54 

3.80 

3.90 

5.26 

5.30 

7.27 

7.20 

7.27 

7.64 

8.00 

8.02 

11.00 

11.54 

3.5 

0.34 

0.33 

2.37 

2.43 

4.54 

4.28 

4.54 

4.63 

6.00 

5.92 

8.70 

8.88 

6.0 

0.77 

0.80 

1.07 

1.13 

1.48 

1.46 

2.05 

2.00 

2.84 

2.82 

be  administered  for  the  6.0-hr  exposure  period.  The  lower  concentration  limit 
for  the  6.Q-hr  duration  was  rhesen  as  0.77  mg/L.  The  maximum  and  minimum 
concentrations  for  the  2-hr  jxposure  period  were  based  on  relative  potency 
estimates  obtained  from  the  3RNI  data.  Probit  analysis  on  the  ORNL  data 
indicated  that  a  model  with  a  aimmon  slope  but  different  intercepts  was 
reasonable.  The  relative  potency  based  on  this  model  for  6.0  hr,  as  compared 
to  2.0  hr  for  the  effective  ccncentration-msdian  (ECgo),  was  approximately 
2.56.  Thus,  the  highest  concentration  selected  for  2.0  hr  was  2.56  x  2. 84  = 
7.27  ag/L.  “he  lowest  concentration  selected  for  2.0  hr  was  2.56  x  0.21  s 
0.54  mg/L.  Due  to  low  mortality  rates  of  animals  observed  within  2  days  after 
the  first  exposures  at  2-0  and  3.5  hr,  subsequent  concentrations  for  these 
exposure  durations  were  increased  substantially  over  those  originally  proposed 
to  ensure  that  we  at  least  bracketed  the  ECso  foe  these  times.  Two-hour 
concentrations  ranged  from  0.54  to  U.S4  ag/L;  3.$-hr  exposures  ranged  from 
0.33  to  8.88  mg/L.  Also,  the  lowest  targeted  concentration  for  the  e.O-hr 
exposure  was  raised  from  O.'.M  to  0.77  mg/L,  given  the  low  mortality  at  the 
other  two  exposure  times  an  the  first  two  exposure  days.  Titus,  the  targeted 
concentrations  at  6.0  hr  were  logarithmically  spaeed  between  0.77  ag/L  and  the 
originally  proposed  2. 84  mg.'L. 
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Phase  II  -  Subacute  Range-Finding  Studies 
Animals 

Male  CD  rats  (Charles  River  Breeding  Laboratories,  Kingston,  NY)  were  used 
throughout  Phases  II  and  III  of  this  study  except  for  immunology  parameters 
that  required  inbred  (Fischer  344)  rats  (same  sex  and  source).  Rats  were 
received  at  approximately  60  days  of  age,  and  quarantined  for  at  least  4  days. 
At  the  time  exposures  began,  animals  were  64-72  days  old  and  weighed 
approximately  300  g. 

Experimental  Design  -  Study  A 

A  completely  randomized  design  included  three  factors,  fog  oil  smoke 
concentration,  exposure  duration,  and  weekly  frequency  of  exposure,  in  a 
3x2x2  arrangement.  The  following  definitions  apply:  concentration  levels 
(Ci  =  1.5  mg/L,  C2  =  0.5  og/L,  A  =  Air);  exposure  duration  (Tt  =35  hr/day, 

To  =  70  min/ day);  weekly  frequency  (F 1  =  4  consecutive  days/wk, 

F2  =  2  consecutive  days/wk.  Ci  and  C2  were  chosen  because  0.5  mg/L  was  the 
lowest  exposure  concentration  that  could  be  achieved  without  making 
time-consuming  alterations  in  the  exposure  facility,  and  1.5  mg/L  was  the 
upper  limit  without  risk  of  mortality  and  large  weight  differences  between 
control  and  exposed  animals.  Ti  and  T2  were  chosen  because  3.5  hr/day  was  the 
longest  time  period  without  risk  of  mortality  at  1.5  mg/L  and  70  min  is  a  log 
spacing  below  2.0  hr.  The  weekly  frequencies  were  chosen  to  simulate  possible 
troop  exposures.  The  total  number  of  rats  needed  per  treatment  group  was  less 
for  parameters  for  which  more  animals  could  be  handled  in  a  single  day.  The 
exposure  regimen  allowed  for  at  least  N-12  degrees  of  freedom  with  which  to 
estimate  experimental  error  when  N  is  the  total  number  of  aniaw1  .  •.  to 
investigate  a  particular  end  point. 

Experimental  Design  -  Study  B 

Study  B  was  designed  to  determine  the  contribution  of  oral  exposure  to  fog 
oil  smoke  received  by  preening  following  the  whole-body  inhalation  exposure. 

A  2  x  2  factorial  arrangement  of  a  completely  raudomuted  design  was  used. 
Filtered  air  and  .5  ag/L  fog  oil  smoke  were  admin isteved  to  animals  both  in 
the  nose-only  and  whole-body  modes. 

Phase  III  -  Subchronic  Study 

Experimental  Design 

Part  A 

For  each  or  two  exposure  concentration  levels  (0.5  and  1.5  mg/L)  and 
filtered  air,  &t)  male  rats  were  exposed  3.5  hr/day,  4  days/wk  lor  13  wk.  Half 
of  the  animals  m  each  exposure  group  were  used  to  evaluate  biological 
parameters  on  the  day  alter  the  list  exposure.  The  remaining  hall  were 
evaluated  4  wk  after  the  last  exposure  to  assess  recovery. 
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Part  B 


For  each  exposure  concentration  (0.2  and  0.5  tng/L)  and  filtered  air, 
40  male  rats  were  exposed  3.5  hr/day,  4  days/wk,  for  13  wk.  Selected 
biological  parameters  were  evaluated  on  the  day  after  the  last  exposure. 

Part  C 


Forty  male  and  forty  female  rats  were  exposed  to  filtered  air  and  1.5  mg/L 
fog  oil  smoke,  3.5  hr/day,  for  13  wk.  Selected  biological  parameters  were 
evaluated  oa  the  day  after  the  last  exposure. 

STATISTICAL  ANALYSIS 

LCsq  Studies 


Probit  analysis  (Finney,  1971)  and  logit  analysis  were  used  to  analyze 
binary  response  data  generated  from  data  tested  at  various  concentration 
levels.  The  probability  of  a  subject  responding  at  concentration  X  is 
described  as 

P  =  <0(Po  ♦  M)  U) 

where 

<j>  =  unit  normal  or  logistic  cumulative  distribution  function, 

X  “  concentration  or  log  concentration, 

Po  =  the  intercept,  and 

0;  =  the  slope  of  the  probit  or  logit  regression  line. 

The  analysis  of  probits  or  logits  involving  linear  combinations  of  more  than 
one  independent  variable  means  that  Equation  1  can  be  '.-steaded  to 

a 

P  =  ♦  (0o  *  l  P4X.)  (2) 

where  the  X. ’s  may  continuous  or  classification  (dummy)  variables  or 

interactions  between  variables.  Thus,  • he  model  given  by  Equation  2  was  used 
within  either  an  analysis  of  variance  (ANQVA)  or  a  multiple  regression 
framework.  Tests  os  the  various  model  terns  wer.  performed  by  examining 
chi-square  (x2)  statistics  derived  from  likelihood  ratios  estimated  by  fitting 
reduced  models.  Model  parameters  were  estimated  using  maximum  likelihood 
techniques . 


Phase  U jsnd^ Phase  III  Studies 

For  end  points  in  which  mare  than  one  biologteal  parameter  was  measured, 
both  univariate  and  multivariate  ANOVA  models  were  fit  to  the  data. 
Preliminary  analysts  «i  each  •“.j  point  variable  examined  homogeneity  of 
variance  among  the  various  treatment  groups  and  the  normality  of  AN'OYA  model 
residuals.  In  the  event  that  either  of  the  above  ANOVA  assumptions  was 
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strongly  violated,  analysis  of  a  mathematically  transformed  variable  or 
analysis  by  nonparametric  methods  was  considered.  When  there  was  no  evidence 
of  an  interaction  between  the  two  factors  of  interest  (i.e.,  fog  oil  smoke 
concentration  and  either  exposure  duration,  time,  or  sex),  main  effects  were 
examined  for  statistical  significance.  In  addition,  for  each  variable,  a 
series  of  contrasts  testing  the  control  (air)  group  mean  versus  each  fog  oil 
smoke  concentration  mean  at  each  level  of  the  second  factor  (time,  duration, 
or  sex)  was  used.  Significant  interactions  were  explored  through  post  hoc 
examination  of  standardized  differences  of  least  square  means  involved 
(subtests,  t  tests,  and  post  hoc  t  tests  refer  to  this). 

One  of  the  objectives  of  Phase  III  Part  B  (fog  oil  smoke  exposures  at  0.2 
and  0.5  mg/L,  and  filtered  air)  was  to  add  another  concentration  to  the 
existing  13-wk  data  for  these  parameters  and  then  to  determine  the  lowest 
observable  effect  level.  This  involves  pooling  data  from  two  studies.  For 
end  points  whose  study  represented  a  replicate  (REP)  of  the  original  study,  it 
was  first  determined  if  the  responses  at  the  two  concentrations  (CONC)  shared 
by  animals  in  the  first  replicate  (i.e.,  filtered  air  and  0.5  mg/L)  were 
similar.  This  was  accomplished  by  looking  at  a  two-way  ANQVA  model  with  REP 
at  two  levels  and  CONC  at  two  levels.  If  there  appeared  to  be  either  a 
sizable  REP  by  CONC  interaction  or  a  REP  main  effect,  the  data  from  the  two 
groups  were  not  pooled.  A  two-sided  Williams'  test  was  then  applied  to  each 
replicate.  If  no  effects  involving  REP  were  significant, -then  data  from  the 
two  replicates  were  combined,  and  Williams'  test  was  applied  to  the  combined 
data.  Only  in  the  latter  case  were  responses  at  0.2  mg/L  compared  with  those 
at  1.5  mg/L. 

A  two-way  ANOVA  model  was  fit  to  the  data  generated  in  the  study  comparing 
sexes.  The  model  included  terms  to  test  for  the  interaction  of  gender  aud  fog 
oil  smoke  concentrations,  as  well  as  their  main  effects.  When  multiple 
responses  per  animal  were  present,  an  analogous  multivariate  ANGVA  model  was 
fit  to  data  to  test  for  multidimensional  effects  prior  to  examining  any 
uuiva^iate  responses.  Significance  probabilities  associated  with  each  set  of 
the  above  contrasts  were  adjusted  so  an  overall  Type  1  error  rate  of  5%  was 
not  exceeded.  Multiple  comparisons  were  adjusted  for  using  the  Bonferroni 
correction  factor. 

BIOLOGICAL  PARAMETERS 

Body  Weight 


All  animals  were  weighed  before  the  first  exposure  and  after  the  last 
exposure.  In  addition,  10  animals  per  treatment  group  were  selected  at  random 
from  aatoug  those  to  be  used  for  the  biological  parameters.  These  animals  were 
weighed  before  the  first  exposure  each  week  and  after  the  last  exposure  each 
week, 

liiatopalhu  \  e  gy 

Necev',-,5 1 es  and  histopathology  were  perforated  aa  each  animal.  Necropsy 
included  the  external  examination  of  the  carcass  f-jf  gross  lesions  and  the 
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examination  and  fixation  of  the  following  tissues  in  10%  neutral  buffered 
formalin  except  those  indicated  for  which  Bouin's  fixative  was  used. 


Brain3 

Pituitary 

Eyes 

Spinal  cord 

Salivary  glands 

Mandibular  lymph  node 

Peripheral  nerve  (Sciatic) 

Urinary  bladder 

Nasal  cavity  and  turbinates 

Thyroid 

Parathyroid 

Thymus 

Trachea 

Esophagus  . 

Epididymides0 

Lung“ 

Heart 

Aorta 

Ovaries 

Uterus 


Liver 

Thighs  muscle 
Spleen 
Prostate 
Adrenals 
Cecum 
Colon 
Pancreas 
Tongue 
Stomach 
Duodenum 
Jejunum 
Ileum 
Skin 
Testes' 

Mammary  gland 

Sternebrae  containing  bone  marrow 
kidneys 

Seminal  vesicles 
Mesenteric  lymph  node 


All  tissues  were  examined  in  situ,  dissected  from  the  carcass,  trimmed, 
weighed,  and  reexamined  before  fixation.  Tissue  samples  for  fixation  did  not 
exceed  a  thickness  of  0.5  cm.  Lungs  were  fixed  in  their  entirety  after  being 
reinflated  with  formalin  fixative  under  25-  to  30-cm  water  pressure.  The 
calvarium  was  removed  and  the  brain  freed  and  weighed.  Then  the  entire  skull 
including  the  nasal  cavity  (turbinates)  and  pituitary  gland  was  placed  in 
fixative. 


The  following  tissues  were  sectioned  and  stained  with  hematoxylin  and 
®osin  using  routine  histopathologic  procedures: 


Gross  lesions 

Duodenum 

Liver 

Testes/Epididyaides 
Lungs  (Two  sections,  left  lobe 
and  right  diaphragmatic  lobe) 
Nasal  cavity  and  turbinates 
(Three  separate  sections) 


Heart 

Stomach 

Larynx 

Trachea  (Distal) 

Kidneys 

Eyes 

Skin  (Mid-dorsal  region) 
Peribronchial  lymph  nodes 


^ These  organs  were  weighed. 
°8o**in’s  fixative. 
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Pulmonary  Physiology 


The  animals  were  anesthetized  with  sodium  pentobarbital  (50  mg/kg 
Nembutal),  tracheostoraized,  and  the  following  measurements  performed:  lung 
volumes,  compliance  (quasi-static  pressure  volume),  diffusing  capacity  (DL  ), 
distribution  of  ventilation  (N2  washout),  and  lung  wet  and  dry  weights.  These 
procedures  are  covered  by  "Pulmonary  Function  Evaluation  in  Small  Laboratory 
Animals"  and  "Analysis  of  Respiratory  Gas  Samples  by  Gas  Chromatography" 

(SOP  JT-01-00) . 

Pulmonary  Edema 

Animals  were  anesthesi2ed  with  Nembutal  (50  mg/kg)  and  lungs  were  lavaged 
according  to  SOP  GH-07-00,  "Obtaining  Lavage  Fluid  from  Animals."  Samples  of 
lavage  fluid  were  stored  frozen  (-2Q°C)  until  assayed  for  total  protein 
content  according  to  SOP  GH-03-00,  "Lowry  Protein  Assay  for  Lavage  Fluid." 

Pulmonary  Cells 


Animals  were  anesthetized  with  Nembutal  (50  mg/kg),  iatratracheally 
injected  with  Streptococcus  sp.  Group  C,  and  lungs  were  lavaged  30  min 
postinjection.  Total  and  differential  cell  counts  and  cell  viability  were 
assayed  according  to  SOP  JI-03-01. 

Cardiopulmonary  Physiology 

Rats  were  anesthetized  with  Nembutal  (50  mg/kg)  and  surgically  implanted 
with  a-  tm.-ipieural  or  a  carotid  arterial  catheter  following  the  last 
exposure.  The  next  day  the  following  were  measured:  lung  weight,  lung 
volume,  blood  pressure,  electrocardiogram  (ECG) ,  and  blood  pH,  p02 ,  and  pC02. 
Procedures  for  these  measurements  in  rats  are  described  in  SOP  JT-01-00. 

Blood  gas  analysis  was  done  using  a  radiometer  (BM3  3  MK  2)  as  specified  in 
the  user  manual. 

Behavioral  Response 

Procedures  for  determining  rat  activity  in  a  figure-eight  maze  are 
detailed  in  the  SOP  entitled  "Figure-Eight  Mazes."  The  activity  of  rats  in 
t.re  maze  was  recorded  via  eight  photodiode  pairs  mounted  in  the  maze. 

Clinical  Chemistry 


Following  exposure,  blood  samples  were  collected  from  the  dorsal  aorta 
immediately  after  cervical  dislocation.  To  evaluate  potential  target  organ 
toxicity,  the  following  clinical  chemistry  assays  were  performed  according  to 
procedures  contained  in  the  Baker  Instruments  eentrifrchem  400  Operators 
Manual  (SQps  &J-Q 7-60  through  feJ-40-00): 

Albumin  Alkaline  phosptatase 

AldolaSe  Amylase 
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Bilirubin  (Total) 
Blood  urea  nitrogen 
Cf-ilciua 
Cholinesterase 
Cholesterol 
Creatine  kinase 
Creatinine 
Glucose 


Lactate  dehydrogenase  (LDH) 
Leucine  aminopeptidase 
Phosphate  (Inorganic) 

Protein  (Total) 

Aspartate  aminotransferase  (SGOT) 
Alanine  aminotransferase  (SGPT) 
Triglyceride 
Uric  acid 


The  lactate  dehydrogenase  and  triglyceride  assays  were  performed  on  the 
same  day  the  blood  samples  were  collected.  The  additional  serum  samples  were 
stored  at  -80°C,  and  the  remaining  analyses  were  completed  the  following 
workday. 


Hematology 


Animals  were  anesthetized  with  Nembutal  (50  og/kg)  and  bled  from  the 
aorta.  Complete  blood  count  and  leukocyte  differential  tests  were  performed. 

Immunology 

Fischer  344  rats  (for  the  4-wk  exposures)  and  CD  rats  (for  the  13-wk 
exposures)  were  anesthetized  with  Nembutal  (50  mg/kg)  and  bled  from  tne  aorta, 
and  spleens  were  removed.  Spleeos  and  peripheral  blood  from  individual  rats 
were  processed,  and  the  response  of  cells  to  phytohemagglutinin  (PHA) , 
Concanavalin  A  (Con  A),  and  pokeweed  mitogen  (PWM)  were  assessed  according  to 
SOP  MS-13-00,  "Standard  Procedures  for  Mitogen  Responsiveness  Test  for  Rats." 
The  natural  killer  (NK)  cell  activity  of  the  same  spleen  cell  preparations  was 
assessed  using  SOP  MS- 14-00,  "Natural  Killer  Cell  (NK  Cell)  Assay  for  Rats." 

Xenobiotic  Metabolism 

Peutobarbital-induced  sleeping  tine,  cytochrome  P450  levels,  aryl 
hydrocarbon  hydroxylase  activity  (AHH) ,  and  zoxazol amine- induced  paralysis 
time  were  investigated  to  determine  whether  the  fog  oil  smoke  affected 
xenobiotic  metabolism.  Rats  were  given  intramuscular  injections  of  25  mg/kg 
Nembutal.  Time  to  loss  of  righting  reflex  and  sleeping  time  were  assayed 
according  to  SOP  Ji-02-00.  Animals  in  a  separate  group  were  injected  with 
1GG  ag/kg  aoxaaoiaoine  and  the  induction  time  and  paralysis  time  were  assayed 
according  to  SOP  JI-02-01.  All  studies  were  routinely  conducted  in  aa 
isolated  temperature-  (24®  £  1*C)  and  humidity-  (46  i  2Z)  controlled  r^caa  to 
minimize  the  influence  of  temperature  on  the  results. 

A  sample  of  the  liver  microsomal  fraction  was  obtained  according  to 
SOP  FG-02-00.  The  sample  was  then  divided  into  two  aliquots,  one  for  the 
cytochrome  P4$0  assay  and  oae  for  the  AliH  activity  assay.  Cytochrome  P450 
levels  were  determined  according  to  the  methods  described  in  detail  m 

K0-05-Q0.  Mi  c  ru  somes  were  diluted  with  IM  K-HPO^/ IM  (pH  7.0) 

buffer  and  the  carbou  taonoxide-di £ f erence  spectra  of  sodium  dithtonate-fedueed 
microgoaes  determined  iu  duplicate  on  a  Cary  spectrophotometer  using  an 


extinction  coefficient  of  91  cm  mM  .  The  A101  assay  was  done  according  to 
t.ie  methods  detailed  in  the  SOP  entitled  "Radioactive  Assay  of  Ben2o(a)pyrene 
(BAP)  Monoxygenase  (aryl  hydrocarbon  hydroxylase)."  The  microsomal  sample  was 
mixed  with  purified  tritiated  BAP  and  other  substrates,  and  incubated 
10-30  min  at  37°C.  The  reaction  was  stopped,  the  sample  extracted  with 
hexane,  and  aliquots  from  the  upper  and  lower  phases  were  counted  in  a  liquid 
scintillation  counter  to  determine  the  relative  amounts  of  metabolized  and 
unmetabolized  BAP.  Appropriate  calculations  were  done  to  determine  the  total 
moles  of  BAP  metabolized  per  milligram  of  microsomal  protein. 

All  SOPa  are  available  to  the  Project  Officer  or  his  representative  from 
the  USEPA  Toxicology  Branch  upon  request.  A  summary  of  the  biological 
parameters  measured  in  Phase  II  and  III  appears  in  Table  2. 


RESULTS 


ENGINEERING 
Distribution  Studies 

Aerosol  distribution  studies  were  conducted  to  determine  the  distribution 
of  the  smoke  in  each  chamber  (OTIC  AD  No.  A144875). 

In  summary,  when  aerosol  was  generated  in  the  chambers  without  animals, 
the  estimate  of  the  covariate  was  found  to  be  statistically  different  from 
one.  In  addition,  there  were  main  effect  differences  from  front  to  back  and 
from  right  to  left.  The  maximal  difference  from  any  one  of  these  effects  was 
2.4%,  which  was  well  within  engineering  feasibility  constraints.  Furthermore, 
when  the  study  was  repeated  with  animals  using  similar  concentrations,  none  of 
these  differences  were  found.  The  test  for  the  covariate’s  equality  to  one 
could  be  rejected.  Among  the  factors,  one  interaction  effect  appeared  to  have 
statistical  significance,  but  differences  among  the  meaus  could  not  be 
detected  when  subtestiug  was  performed. 

Chemical  Characterization 

Using  I5PLC,  individual  chromatograms  were  obtained  for  37  samples  from  the 
four  fog  oil  smoke  exposure  chambers.  A  typical  chromatogram  is  shown  in 
Figure  l.  In  each  chromatogram,  the  peak  heights  of  12  major  peaks  were 
sum«ed.  The  individual  peak  heights  were  then  divided  by  the  total  of  all  the 
peak  heights  yielding  a  normalized  peak  height  expressed  in  percentages  for 
each  chromatogram.  Mean  peak  heights  were  then  obtained  for  each  exposure 
chamber  (Figure  2).  The  results  indicated  that  there  was  a  general 
homogeneity  (within  2%)  for  the  chromatograms  of  the  different  chambers.  The 
greatest  difference  between  chambers  occurred  in  peaks  K  and  L.  The 
difference  may  be  due  to  the  difference  in  fog  oil  smoke  concentrations  li  e., 
l.S  vs.  0.$  mg/L) .  Because  X  and  L  were  minor  peaks  aud  the  difference  was 
small,  we  did  not  consider  this  to  be  a  problem. 


TABLE  2.  BIOLOGICAL  PARAMETERS  MEASURED  IN  FOG  OIL  SMOKE  STUDIES 


Phase  III 

Parameter 

Phase  II 

Part  A 

Part  B 

Part  C 

AHH  activity 

X 

X 

X 

X 

Behavior  (Fig.  8  maze) 

X 

Body  weight 

X 

X 

X 

X 

Cardiopulmonary 

X 

Clinical  chemistry 

X 

X 

Cytochrome  P45Q 

X 

X 

X 

X 

Edema 

xa 

X 

X 

X 

Hematology 

X 

X 

X 

X 

Immunology 

X 

X 

Pathology 

xa 

X 

X 

X 

Pentobarbital- induced 
sleeping  time 

X 

Pulmonary  cells 

X 

X 

X 

Pulmonary  physiology 

X 

X 

X 

X 

Zo:-ia2ol  amine- induced 
pat  a lysis  time 

X 

X 

X 

X 

a.  Females  and  males. 


— •  Chamber  #1 
Chamber  fl 
Chamber  #3 
Chamber  #4 


Particle  Si2e  Distribution  and  Exposure  Concentration 


Particle  size  was  determined  for  all  four  chambers  during  each  phase  of 
the  study.  The  mass  median  aerodynamic  diameter  (MMAB) ,  geometric  standard 
deviation,  and  the  mean  exposure  concentrations  with  the  staudard  deviations 
for  Phases  II  and  III  appear  in  Table  3. 


TABLE  3.  PARTICLE  SIZING  AND  EXPOSURE  CONCENTRATIONS 
PER  FOG  OIL  SMOKE  CHAMBER  FOR  PHASES  II  AND  III 


Phase 

Chamber 

MMAD 

Geometric 

Standard 

Deviation 

Target 

Cone . (mg/L) 

Actual 
Cone. (mg/L) 

II 

1 

1.26  ±  0.05a 

1.46 

0.5 

0.50  £  .01 

2 

1.04  ±  0.24 

1.52 

0.5 

0.49  i  .01 

3 

1.02  ±  0.24 

1.52 

1.5 

1.49  ±  .03 

4 

1.16  i  0.28 

1.49 

1.5 

1.51  i  .04 

IIIA 

1 

1.18  ±  0.04 

1.46 

0.50 

0.50  +  0.02 

2 

1.19  t  0.07 

1.48 

0.50 

0.51  ±  0.02 

3 

1.35  ±  0.06 

1.46 

1.50 

1.50  ±  0.03 

4 

1.32  ±  0.10 

1.45 

1.50 

1.50  t  0.02 

1 1  IB 

1 

0.85  i  0.07 

1.66 

0.20 

0.20  i  0.01 

2 

1.08  £  0.15 

1.54 

0.50 

0.50  t  0.01 

me 

3 

1.11  ±  0.06 

1.49 

1.50 

1.50  ♦  0.04 

4 

1.19  t  0.08 

1.47 

1.50 

1.50  t  0.05 

a.  Mean  £  standard  deviation. 


BIOLOGY 
Phase  I 

Mortality  Studies 

four  groups  of  10  sale  and  10  female  rats  each  were  exposed  to  11. 0,  5.0, 

1.0,  or  0.1  »g/L  of  the  fog  oil  smoke  for  6.0  hr.  Mortality  was  observed  for 
14  days  postexposure.  Mortality  observed  at  lt.0  mg/t  was  100%,  95%  at  5.0  mg/L, 
20%  at  1.0  mg/E,  aud  0%  at  O.i  ag/E.  Gross  observation  of  tissues  from  dead 
aaiaats  indicated  severely  hemorrhagic  lungs  and  bleeding  from  the  aares  prior 
to  death. 


Prior  to  performing  the  LC50  studies,  several  preliminary  studies  were 
completed  so  that  a  relevant  estimate  of  concentration  could  be  determined. 

Ten  female  rats  were  exposed  to  9.78  ±  0.76  (SD)  mg/L  for  2.0  hr.  Groups  of 
five  male  and  five  female  rats  each  were  exposed  for  4.0  hr  to  1.95  t 
0.42  mg/L,  3.40  ±  0.33  mg/L,  or  6.18  ±  0.67  mg/L.  Fifteen  female  rats 
were  exposed  to  1.01  ±  0.03  mg/L  for  6.0  hr,  and  five  male  and  five  female 
rats  were  exposed  to  5.28  ±  0.23  mg/L  for  3.5  hr  or  3.18  ±  0.10  mg/L  for 
2.0  hr. 

LC50  Studies 

A  total  of  338  rats  (160  males,  178  females)  was  exposed  to  various 
concentrations  of  fog  oil  smoke  for  either  2.0,  3.5,  or  6.0  hr.  The  2.0-hr 
concentrations  ranged  from  0.54  to  11.54  mg/L;  3.5-hr  exposures  ranged  from 
0.33  to  8.88  mg/L,  and  6.0-hr  exposures  ranged  from  0.80  to  2.82  mg/L.  The 
percentages  of  rats  dying  by  sex,  exposure  time,  and  exposure  concentration 
appear  in  Table  4.  The  observed  mortality  rates  for  each  exposure  duration, 
pooled  over  sex,  are  plotted  in  Figure  3.  The  rates  for  each  length  of 
exposure,  for  each  sex,  are  displayed  in  Figure  4. 

Using  the  UNIVAC  version  of  Generalized  Linear  Interactive  Modeling 
(GLIM),  various  multiple  probit  and  logit  regression  models  were  applied  to 
the  study  data.  In  the  form  of  Equation  2  (see  Methods  Section),  the  largest 
models  included  variables  for  concentration,  exposure  time,  and  age,  and  all 
first-  and  second-order  interactions  of  these  variables.  For  one  set  of 
analyses,  logarithms  of  all  continuous  variables  were  used;  the  other  set 
simply  used  the  arithmetic  values. 

The  general  strategy  employed  in  the  model-fitting  process  was  to  find  the 
most  parsimouious  model  with  respect  to  model  terms  that  explained  a 
substantial  amount  of  the  variation  in  the  rats’  mortality  rates.  By 
successively  dropping  each  interaction  term  from  the  model  while  retaining 
main  effects  and  all  other  interactions  of  the  same  or  lower'  order,  chi-square 
statistics  derived  by  comparing  the  likelihood  from  the  enlarged  model  to  the 
reduced  model  were  obtained  to  test  for  the  contribution  of  each  model  tsrm. 
Tests  of  main  effects  were  performed  only  if  the  effect  was  not  involved  in  a 
significant  (cr  a  0.05)  interaction. 

Summaries  of  these  tests  for  both  probit  and  logit  models,  with  and 
without  using  logarithms  of  continuous  type  variables,  are  shown  in  Table  5. 

If  only  effects  that  contribute  significantly  to  fora  a  probability  model  to 
characterize  rat  mortality  are  retained,  the  simplest  model  that  could  be  fit 
to  the  data  was  a  multiple  logistic  model  containing  an  overall  mean  and  terms 
for  concent  rat  ion,  exposure  time  (TIME),  and  the  interaction  of  concentration 
aud  exposure  time.  In  the  fora  of  Equation  2,  this  model  estimates  the  risk 
of  a  rat  dying,  under  the  conditions  imposed  in  this  experiment,  as 


a.  These  additional  tests  were  done  because  a  failure  in  the 
watering  systea  caused  some  of  the  animals  in  the 
7 .64-*og/I,-2.0“hr  group  and  the  4.28-mg/I.-3.5-hr  group  to  be 
without  water  for  a  period  of  time  prior  to  exposure.  This 
incident  did  not  appear  to  affect  the  percentage  of  mortality 
observed. 


P  =  $  {-4.41  -  (0.131  x  CONC)  -  (0.265  x  TIME)  (3) 

♦  (0.350  x  CONC  x  TIME)). 

where  $  refers  to  the  cumulative  logistic  fuuctioa: 


0  1  2  3  4  5  6  7  8  9  10  11  12 

Concentration  (mg/L) 

Figure  3.  Observed  death  rates  pouted  over  se.-  (or  the  acute  mortality  study. 

If  the  specific  exposure  tines  used  ia  this  study  are  substituted  for  TIME 
in  Equation  3,  Equation  4  can  be  written  iu  the  form  of  Equation  3.  For 
example,  for  the  2.0-hr  exposure,  Equation  3  translates  to 

P  -  $  [-4.94  ♦  (0.569  x  CGNC)). 

Similarly,  for  3.5  hr 

P  a  $  [-5.34  ♦  (1.09  x  CQNC) ] , 
and  for  6.0  hr 

P  a  0  [-6.00  ♦  u.97  x  eONOl  . 


TABLE  5.  LIKELIHOOD  RATIO  TESTS  OF  CONTRIBUTIONS  OF 
EFFECTS  USING  MULTIPLE  PROBIT  AND  LOGIT  MODELS 


Model 


Probit 


Logit 


Effect 


Degrees  of 
Freedom 


Logs  No.  Logs  Logs  No.  Logs 
X2  X2  X2 


The  fit  of  Equation  3  to  the  observed  mortality  rates  is  shown  in 
Figure  5.  Estimates  of  the  concentrations  resulting  in  various  mortality 
percentiles  could  be  estimated  from  Equation  3  for  each  exposure  time.  Also, 
by  estimating  asymptotic  variances  for  each  of  these  concentrations, 
appropriate  confidence  limits  could  also  be  calculated.  However,  given  the 
large  amount  of  heterogeneity  of  variance  of  observed  deaths  about  the 
logistic  regression  lines,  confidence  limits  estimated  by  such  an  approach 
might  be  too  narrow. 


Therefore,  separate  logit  models  in  the  form  of  Equation  1  were  fit  to 
data  for  each  exposure  time  using  the  Probit  and  Logit  (PROLO)  program 
(Russell  et  al.,  1977).  The  2.0-hr  data  suffered  from  heterogeneity  of 
variance.  The  6.0-hr  data  reflected  too  high  an  index  of  significance  for 
potency  estimation.  Only  the  data  corresponding  to  3.5  hr  were  sufficient 
enough  to  use  for  the  estimation  of  fiducial  limits.  Estimated  concentrations 
corresponding  to  the  10-50%  mortality  rates  at  3.5  hr  are  shown  in  Table  6,  as 
well  as  90%  fiducial  limits  for  the  true  concentrations  reflecting  these 
rates.  The  risk  of  a  rat  dying  from  a  single  3.5-hr  exposure  is  estimated  as 

P  =  $  (-5.75  +  1.11  x  CONC)  (5) 

where  $  is  defined  as  in  Equation  4. 


•  2.0  hr 
■  3.5  hr 

•  6.0  hr 


9  10  11 


Concentration  (mg/L) 

Figure  5.  FU  of  multiple  logistic  model  (Equation  S)  to  mortality  data. 


TABLE  6.  ESTIMATES  OF  CONCENTRATIONS  CORRESPONDING  TO 
10  TO  50%  MORTALITY  AFTER  3.5-HR  EXPOSURE  TO  FOG  OIL  SMOKE 


%  Mortality 

Concentration 

(tog/L) 

90%  Fiducial 
Limits  (og/L) 

10 

3.21 

(0.32,  4. 11) 

20 

3.94 

(2.03,  4.71) 

30 

4.42 

(3.07,  5.21) 

40 

4.82 

(3.81,  5.74) 

50 

5.19 

(4.35,  6.35) 

Histopathologic  evaluation  of  samples  taken  during  the  subacute  LC50  study 
was  conducted.  The  mortality  data  from  the  LC50  study,  with  the  addition  of  a 
summary  of  histopathologic  observations  for  each  group,  are  presented  in 
Table  7.  Tissues  from  dead  animals  or  animals  killed  just  prior  to  death 
(moribund  killed)  were  taken  from  two  animals  per  sex  per  exposure  group  For 
some  exposure  groups,  fewer  than  two  animals  per  sex  died,  in  which  case 
histopathologic  studies  were  conducted  on  fewer  than  four  animals.  In 
addition,  two  animals  per  sex  from  four  exposure  groups  were  terminally  billed 
after  a  2-wk  postexposure  period. 

No  significant  histopathologic  changes  were  observed  in  the  upper 
respiratory  tract  (nasal  cavity,  larynx,  aud  trachea)  of  rats  that  died,  were 
moribund  killed,  or  were  terminally  killed.  A  minimal  to  moderate  number  of 
histiocytic  maerophages  were  present  in  the  sinusoids  of  the  peribronchial 
lymph  nodes  from  rats  that  died,  from  moribund  killed  rats,  and  from  rats  that 
were  terminally  killed.  The  uumber  of  histiocytes  was  greater  than  expected 
in  a  lymph  node  from  a  normal  rat;  however,  sinusoidal  histiocytosis  would  be 
expected  sequelae  following  the  pulmonary  injury  described  below. 

The  most  severe  pulmonary  lesions  were  observed  in  the  lungs  of  animals 
that  died  or  were  moribund  killed.  Histopathologic  changes  were  less  severe 
in  rats  killed  after  the  2-wk  postexposure  period.  Lung  changes  in  rats  that 
died  or  were  moribund  killed  were  indicative  of  vascular  injury.  The 
connective  tissue  around  most  pulmonary  vessels  was  distended  by  a  minimal  to 
moderate  amount  of  edematous  fluid,  and  various  degrees  of  subacute 
inflammatory  reaction  (neutrophils  and  macrophages)  wore  present  around  the 
vessels.  The  lumens  of  vessels  were  lined  by  inflammatory  cells.  Multiple 
fees!  hemorrhages,  strands  of  fibrin,  and  scattered  macrophages  were  present 
in  the  alveolar  lumens.  Eosinophilic  edematous  fluid  was  noted  in  the 
pulmonary  alveoli.  Several,  lungs  contained  eosinophilic  and  degenerate 
alveolar  wails,  and  occasionally  an  alveolar  wall  was  thickened.  Some  of  the 
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thickened  walls  were  due  to  the  presence  of  inflammatory  cells,  and  other 
thickened  walls  were  due  to  the  errly  proliferation  of  Type  II  epithelial 
cells. 

After  the  2-wk  postexposure  period,  no  histopathologic  changes  were 
present  in  the  respiratory  tract  of  several  exposed  rats.  Minimal  to  slight 
degrees  of  residual  lesions  were  noted  in  other  terminally  killed  rats.  The 
decreased  severity  of  pulmonary  lesions  in  these  rats  indicated  that  pulmonary 
repair  was  occurring. 

Preliminary  Mortality  Studies  for  Phase  II 

In  preparation  for  the  4-wk  range-finding  studies,  animals  were  exposed  at 
the  concentrations  (CONC)  and  times  listed  in  Table  8  for  4  days/wk  for  4  wk 
to  determine  a  CONC  x  TIME  combination  that  would  not  cause  death.  While 
essentially  no  mortalities  occurred  during  these  exposures  (Table  8),  another 
problem  was  identified.  Animals  exposed  to  fog  oil  smoke  for  4  wk  had 
substantially  decreased  weight  gains  compared  to  oonexposed  animals.  Animals 
appeared  to  be  anorectic  during  the  4  days  of  exposure  but  did  eat  over  the 
3-day  period  cf  nonexposure.  Water  intake  also  decreased.  Table  9  shows  the 
weight  changes  observed  in  animals  weighed  prior  to  treatment  and  after 
treatment. 

Because  of  weight  differences  between  control  and  exposed  animals,  several 
additional  studies  were  conducted.  A  histopathology  study  was  undertaken  to 
determine  if  lesions  occurred  in  the  digestive  tract  or  liver.  Such  lesions 
could  indicate  if  ingestion  of  the  oil  was  a  problem.  It  should  be  noted  that 
the  absence  of  such  lesions  would  aot  necessarily  mean  ingestion  was  not  a 
problem  because  changes,  for  example  in  live?  function,  could  occur  without 
producing  lesions  detectable  by  routine  histopathology.  Three  male  and  three 
female  rats  were  exposed  to  2.0  rag/L,  3.5  hr/day,  4  days/wk  for  4  wk.  No 
significant  treatment-related  lesions  were  noted  in  samples  taken  from  the 
digestive  tract  or  liver,  lesions  in  the  lung  were  similar  to  those 
previously  noted. 

Because  the  weight  differences  noEed  between  control  and  exposed  animals 
were  discovered  as  a  by-product  of  another  experiment,  an  experiment  designed 
specifically  to  study  weight  differences  was  performed  to  verify  this 
observation.  Four  groups  of  rats  each  containing  10  males  and  10  females  were 
treated  for  3.5  hr/day,  4  days/wk,  for  4  wk  as  follows:  eoatroi  animals  held 
in  holding  racks  (Air-NC),  animals  in  a  control  chamber  treated  exactly  as 
animals  that  received  a  whole-body  exposure  of  fog  oil  smoke  (Air-WB), 
wholebody  exposure  to  0.3  mg/L  fag  oil  smoke  (0.3-VB),  and  whole-body  exposure 
to  2.0  mg/ l  (2.Q-WB).  For  the  second  through  fourth  weeks  of  exposure,  two 
additional  groups  were  added.  Both  of  these  groups  were  placed  in  Plexiglass 
modules  (M0)  to  obtain  a  nose-only  exposure,  and  thus  prevent  ingestion  due  to 
preening.  One  group  was  exposed  to  2.0-mg/L  fog  oil  smoke  U-0-MD),  and  one 
group  was  placed  in  the  control  chamber  (Air-Mfi)  Weights  of  animals  were 
determined  every  Monday  prior  to  beginning  exposures  for  that  week  and  every 
Thursday  following  exposures.  Total  Weight  gain  for  the  «-wk  period  was 
determined  for  the  whole-body  exposures  as  the  animal’s  fourth  week 


■1 


TABLE  8.  MORTALITY  RESULTS  OF  CONCENTRATION  x  TIME  STUDY 


postexposurc  weight  minus  its  first  week  pre-exposure  weight.  The  weight  gain 
over  the  last  3  wk  was  also  compared  among  modular-exposed  and  whole-body 
exposed  animals  in  a  separate  analysis.  An  analysis  of  the  whole-body 
exposures  (Figure  6)  indicated  no  significant  difference  between  the  Air-NC, 
Air-WB,  and  0.3-WB  groups.  Each  of  these  groups,  however,  registered 
significantly  greater  weight  gains  than  the  2.0-WB  group  regardless  of  sex. 
This  verified  our  previous  observation  that  whole-body  exposure  to  2.0  mg/L, 
3.5  hr/day,  4  days/wk,  for  4  wk  resulted  in  significantly  lower  body  weight 
than  in  comparable  controls,  whether  or  not  the  controls  are  actually  put  in 
chamber.  Weekly  weight  s3i°s  these  same  animals  were  also  analyzed  and 
showed  that  for  each  week  of  exposure  the  weight  gain  in  the  2.0-WB  group  was 
significantly  less  than  all  the  other  groups  (Figure  7). 


■  Air-NC 
00  Air-WB 
□  0.3  mg/l-WB 
[53  2.0  mg/L-WB 


Females 


Males 


Sex 


Figure  8.  Total  weight  gain  in  males  ami  female*  over  4-wk  exposure.  N(ts  n< 
chamber.  Wiis  whole  bodv.  Error  bar*  reprevem  the  vtaudard  error 
of  the  mean.  *5ignifu.autiy  different  from  control  <pO).t)5>. 
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Figure  8  shows  the  comparison  of  type  of  exposure  (modular  vs.  whole  body) 
in  controls  and  animals  exposed  to  2.0  rag/L  for  the  last  3  wk  o:  the 
experiment.  For  females,  the  interaction  between  type  of  exposure  and 
concentration  was  marginally  significant  (p  =  0.08).  This  appears  to  be  due 
to  the  larger  difference  in  weight  gain  between  control  and  exposed  animals  in 
the  whole-body  groups  versus  the  modular  groups.  This  suggests  that  in  the 


females  some  of  the  weight  difference  in  the  whole-body  exposure  might  have 
been  due  to  ingestion.  In  males,  however,  although  the  effects  on  weight  gain 
from  both  types  of  exposure  and  from  concentration  are  highly  significant 
(p  =  0.0001),  there  was  no  interaction  between  concentration  and  exposure 
type.  As  the  figure  indicates,  the  difference  between  exposed  and  control 
animal  weights  was  about  the  same  whether  or  not  the  modules  were  used.  This 
indicated  that  in  the  males  the  difference  in  weight  gain  was  due  to 
inhalation.  It  should  be  noted  that  the  modules  used  in  these  experiments 
were  not  ideal  because  the  module  itself  caused  a  weight  loss. 


■  Air-MD 
223  2.0  mg/L-MD 
□  Air-W3 
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Figure  S.  Change  in  weight  over  the  last  3  wk  of  exposure  comparing  modular 
(MD)  and  whote*bodv  l\VB)  group*.  Krror  bar*  represent  the  standard 
error  of  the  mean.  “Significantly  different  from  control  (p<0.05). 


Phase  II  -  Subacute  Range-Finding;  Studies 


Male  and  female  rats  were  exposed  for  4wkina3x2x2  experimental 
design.  The  three  variables  included  filtered  air,  fog  oil  smoke 
concentration  (0.5  or  1.5  mg/L),  frequency  of  exposures  per  week  (2  or 
4  days/wk),  and  duration  of  daily  exposures  (70  min  or  3.5  hr).  Each 
biological  parameter  was  tested  on  these  12  groups  except  for  cardiopulmonary 
parameters  that,  for  logistical  reasons,  were  tested  only  at  the  highest 
concentration,  the  longest  time  and  the  4-day/wk  frequency.  Also, 
zoxazolamine-induced  paralysis  time  was  completed  only  for  the  4-day/wk 
frequency  because  of  technical  difficulties.  All  measurements  were  made  on 
the  day  after  the  last  exposure. 

Body  Weight 

Two  sets  of  data  were  collected.  The  weights  of  one  subset  of  six  animals 
per  group  were  measured  immediately  before  the  first  and  after  the  last 
exposure  for  each  of  the  4  wk.  Secondly,  weights  of  all  the  animals  were 
routinely  measured  before  the  first  and  after  the  final  exposure  in  the  study. 
Weight  change  during  each  of  the  4  wk  was  examined  in  both  a  multivariate  and 
univariate  three-way  ANOVA.  The  multivariate  ANOVA  indicated  that  the  mean 
vector  of  weight  changes  was  significantly  (p  =  0.0001)  affected  by  exposure 
concentration,  frequency,  and  duration.  The  univariate  analyses  of  each 
weakly  weight  change  showed  that,  during  the  last  3  wk  of  exposure,  the  same 
effects  were  significant  as  in  the  multivariate  case.  The  analysis  of  the 
first  week's  weight  change  indicated  a  marginally  significant  exposure  time 
effect  (p  a  0.06)  and  a  significant  concentration  by  frequency  interaction 
(p  -  0.03).  During  the  first  week,  although  weight  g;.  in  decreased  with 
increasing  fog  oil  smoke  concentration,  there  was  a  much  greater  difference 
between  the  air  control  group  and  the  1.5  mg/L  group,  for  animals  exposed 
4  days/wk  (22.3  g) ,  than  for  those  exposed  2  days/wk  (4.8  g) .  For  the 
remaining  3  wk,  weight  gains  even  in  the  0.5-mg/L  group  were  significantly 
lower  than  in  controls,  pooling  over  frequency  and  duration  of  exposure. 

Figure  9  shows  the  effects  of  the  different  exposure  regimens  on  weight  gain 
during  the  weekly  exposure  periods.  lu  every  case,  weight  gain  decreased  as 
concentration  of  fog  oil  smoke  increased.  By  examining  Figure  9  (A-D) ,  it  is 
also  apparent  that  weight  gain  decreased  when  time  of  exposure  was  increased 
from  70  min  to  3.5  hr.  3y  comparing  parts  A  through  D  of  Figure  9  one  can  see 
that  weight  gain  was  less  in  the  2-day/wk  frequency  compared  to  the  4-day/wk 
frequency.  Since  weights  were  taken  immediately  before  and  after  exposure. 
Figures  9A  and  98  represent  weight  gain  across  a  2-day  period,  whereas 
Figures  90  and  90  represent  weight  gain  across  a  4-day  period. 

The  total  weight  ehange  from  just  prior  to  the  first  exposure  until 
immediately  after  the  last  exposure  was  examined  in  all  animals.  This 
analysis  indicated  a  significant  three-way  interaction  (Figure  10).  Analysing 
each  frequency  group  separately,  animals  exposed  2  days/wk  experienced 
significant  weight  changes  due  to  the  effects  of  both  fog  oil  smoke 
concentration  and  exposure  time.  These  effects  appeared  to  be  additive  for 
this  frequency  group.  For  animals  exposed  4  days/wk,  weight  change  was 
significantly  affected  by  the  interaction  of  fog  oil  smoke  concentration  and 
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Figure  10.  Weight  change  over  the  entire  4-wk  study.  ^Significantly  different 
from  control  (p<0.05). 


exposure  time  (p  »  0.0002).  Least  squares  means  of  weight  gain  for  animals 
exposed  4  days/vk  for  70  ain  were  84,  94,  and  92  g  by  increasing 
concentrations  of  fog  oil  smoke.  For  animals  exposed  4  days/wk  for  3.!>  hr, 
the  corresponding  means  were  100,  87,  and  78  g.  Weight  gain  was  much  more 
variable  in  the  control  group  than  in  other  treatment  groups. 

Histopathology 

Uistopathology  was  conducted  as  summarized  in  Table  10. 

For  Exposure  Group  A,  no  significant  microscopic  tindiugs  were  observed  in 
the  nasal  cavity,  eyes,  heart,  skin,  larynx,  trachea,  kiduey,  liver,  stomach, 
duodenum,  testes,  or  epididymides.  However,  a  few  incidental  findings  such  as 
focal  chronic  myocarditis,  focal  tubular  regeneration  in  the  kidney, 
unilateral  seminiferous  tubular  atrophy  and  a  corresponding  lack  of  sperto  in 
the  epididymides  were  observed  occasionally.  Focal  hemorrhage,  histiocytosis, 
aud  focal  hemosiderosis  were  observed  occasionally  in  peribronchial  lymph 
nodes  from  all  concentration  groups. 

Histopathologic  findings  were  similar  m  the  right  diaphragmatic  and  ten 
lobes  of  the  lung.  A  minimal  amount  of  peribronchial  lymphoeytie  iniiltraie 
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TABLE  10.  HIST0PATH0L0GY  OF  PHASE  II  -  SUBACUTE  RANGE-FINDING  STUDIES 


Exposure  Group  A 

Time  Exposed 

No.  of  Male  Rats 

Air  (Control) 

2  days/wk-70  min 

4 

0.5  mg/L 

2  days/wk-70  min 

4 

1.5  mg/L 

2  days/wk-70  min 

4 

Air  (Control) 

4  days/wk-70  min 

4 

0.5  og/L 

4  days/wk-70  min 

4 

1.5  mg/L 

4  days/wk-70  min 

4 

Air  (Control) 

2  days/wk-3.5  hr 

4 

0.5  mg/L 

2  days/wk-3.5  hr 

4 

1.5  mg/L 

2  days/wk-3.5  hr 

4 

Air  (Control) 

4  days/wk-3.5  hr 

4 

0.5  mg/L 

4  days/wk-3.5  hr 

4 

1.5  mg/L 

4  days/wk-3.5  hr 

4 

No.  of  Rats 

Exposure  Group  B 

Time  Exposed 

Male  Female 

Air  (Control) 

4  days/wk-3.5  hr 

6  6 

0.5  mg/L 

4  days/wk-3.5  hr 

6  6 

1.5  mg/L 

4  days/wk-3.5  hr 

7a  8a 

u.  In  the  1.5-mg/L  exposure  group,  male  number  420  and  female  number  464  died 
after  two  exposure  periods,  and  female  number  466  died  after  one  exposure 
period. 


was  present  in  most  lungs  and  was  considered  to  be  normal.  A  minimal  number 
of  macrophages  were  scattered  throughout  the  pulmonary  alveolar  lumens  of  most 
animals  exposed  to  fog  oil  smoke  for  70  min.  Usually  only  one  macrophage  was 
in  an  alveolus  and  these  alveolar  macrophages  contained  eosinophilic 
(protein-like)  material  in  their  cytoplasm.  One  rat  exposed  for  70  min/day 
for  4  days/wk  exhibited  a  slight  increase  in  the  number  of  macrophages  in  the 
alveolar  luaeas.  The  incidence  of  lungs  with  lesions  was  lowest  (1  of 
4  lungs)  for  rats  exposed  70  min/day  for  2  days/wk  at  0.5  ag/L.  Pulmonary 
lesions  in  most  rats  exposed  for  3.5  hr  at  0.5  or  1.5  ag/L  were  similar  to 
those  noted  in  rats  exposed  for  70  tain  and  consisted  of  macrophages  in  the 
alveolae  lumens.  However,  the  number  of  macrophages  in  the  alveoli  was 
greater  in  the  group  exposed  for  3.5  hr/day  for  4  days/wk  at  1.5  mg/l. 

For  Exposure  Group  B,  treatment-related  microscopic  changes  were  observed 
in  the  lungs  of  male  and  female  rats  of  both  concent  rat  ion  groups.  These 
Changes  included  a  diffuse  accumulation  of  macrophages  within  the  alveoli  of 


exposed  male  and  female  rats.  The  degree  of  severity  was  concentration 
related  with  slight  to  moderate  involvement  in  the  1.5-mg/L  exposure  group  and 
minimal  to  slight  involvement  in  the  0.5-og/L  exposure  groups.  In  affected 
rats,  scattered  alveolar  macrophages  were  present  throughout  the  lung.  In 
addition,  four  of  six  male  rats  at  the  1.5-mg/L  exposure  level  also  had  slight 
to  moderate  multi-focal  pneumonitis.  In  these  rats,  multifocal 
hypercellularity  of  the  alveolar  wall,  associated  with  an  interstitial 
infiltration  of  subacute  inflammatory  cells,  was  observed.  In  addition  to  the 
accumulation  of  macrophages,  polymorphonuclear  inflammatory  cells  were  also 
present  within  the  alveoli  of  male  rats  with  pneumonitis.  Other  changes  that 
were  observed  within  the  lung  were  considered  to  be  incidental  and  most 
frequently  included  peribronchial  and  perivascular  lymphoid  infiltrates. 

No  treatment-related  changes  were  present  in  other  tissues  examined  in 
this  study.  A  few  incidental  lesions  such  as  chronic  myocarditis,  tubular 
regeneration  in  the  kidney,  and  seminiferous  tubular  atrophy  in  the  testes 
were  occasionally  observed.  These  changes  were  considered  to  be  within  normal 
limits  for  rats  of  this  age  and  strain. 

Pulmonary  Physiology 

The  following  parameters  were  analyzed:  diffusing  capacity  of  carbon 
monoxide  (DL  ),  total  lung  capacity  (TLC) ,  vital  capacity,  end  expiratory 
volume  (EEV) ,  nitrogen  (N2)  washout  slope,  N2  washout  corrected  for  changes  in 
EEV  (CEVSLP) ,  lung  wet  weight,  lung  dry  weight,  and  body  weight.  Multivariate 
analysis  showed  effects  due  to  time  and  concentration  but  not  due  to 
frequency.  There  was  also  a  CONC  by  TIME  interaction.  Univariate  analysis  of 
the  individual  parameters  showed  significant  effects  in  lung  wet  weight,  lung 
dry  weight,  and  EEV  (Figures  11-13).  For  both  lung  weights  there  was  a 
significant  concentration  effect  and  CONC  by  TIME  interaction.  Lung  weight  in 
the  1.5-mg/L  exposure  group  increased  significantly  compared  to  that  of  the 
air  control  group  at  the  35-hr  duration  time  regardless  cf  frequency.  At  the 

3.5- hr/day  and  4-day/wk  exposure,  EEV  showed  a  concentration  response.  The 

1.5- mg/L  treatment  for  this  regimen  was  significantly  different  than  all  other 
treatment  groups.  EEV  of  the  0.5-®g/L  group  was  significantly  elevated 
compared  to  that  of  the  air  control  group  for  that  particular  regimen.  In 
groups  exposed  for  3.5  hr/day,  2  days/vk,  there  was  a  trend  toward  a 
concentration-related  increase  in  EEV,  but  no  statistically  significant 
changes  were  observed.  No  significant  effects  were  found  in  the  other 
pulmonary  physiology  parameters  (Figures  14-19). 

Results  for  the  biological  parameters  from  the  second  replicate  data  set 
were  compared  to  those  from  the  first  experiment  to  examine  the 
reproducibility  of  the  test  results.  A  variable,  REF,  was  assigned  a  value  of 
one  if  the  data  arose  from  the  first  study  ur  a  value  of  two  if  it  was 
produced  in  the  second  study.  A  two-way  ANOVA  model  was  then  fit  to  the 
combined  data  set  containing  the  response  variables  of  primary  interest.  A 
Significant  CONC  by  REF  interaction  indicated  nonreproducibil ity  among 
rep l iCatea . 


Exposure  Group  ~  Exposure 


EEV  ImU 


Figure  13.  Effect  of  4-wk  exposure  to  fog  oil  smoke  on  end  expiratory  volume 
(EEV).  Ft  *  2  days/wk;  F*a  4  days/wk;  T,  a  70  mtn/day; 

T,*3.5  hr/day.  •Significantly  different  from  control  (p<0.05). 
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Figure  14.  Effect  of  -t-wk  cxpo»ure  to  fot*  oil  unukc  on  vital  capacity. 

t\  -  2  dav»/wk;  Fs  *  4  da>»/ok;  T,  *  TO  tain/ day;  T.  ■  S.S  Ur/da*. 
•Significantly  different  from  control  (p<l).05). 


.ns  Viine.vcvv’f. 


'  a  -  a.  1 , 


iawa 


0.0  0.:  0.4  0*  0J  1.0  1.2  1.4  1.« 


Compliance  ImL/cm  HjOl 

FigUtc  lb.  of  l-tili  fipuiurc  (U  lug  oil  uttalc  utt  tuUtjjLujicc. 

I',  b  2  ttan/wk;  t.  ■  4  sijrt/Bk;  T.  b  70  ttnt./iia*;  1-  ■  5.5  ur/da* 


Ol^g  (mL/min/torr) 


Figure  19.  Effect  of  4-wk  exposure  to  fog  oil  smoke  on  diffusing  capacity 
(DLcq).  F,s2  days/wk;  F,  =  4  days/wk;  T, s  70  min/ day; 

Tss  3.5  hr/day. 


When  the  responses  were  examined  in  a  two-way  multivariate  ANOVA,  there 
was  no  indication  of  a  significant  REP  by  CONC  interaction  with  respect  to  the 
aggregate  response..  Significant  probabilities  ranged  from  0.23  to  0.24, 
depending  on  the  particular  test  statistic  employed  (Williams’  or  t  tests). 

The  multivariate  tests  of  REP  and  CONC  were  both  statistically  significant 
regardless  of  the  particular  test  statistic.  Univariate  ANOVA  models  were  fit 
to  each  of  the  dependent  variables  to  see  which  variable  responses  were  most 
and  least  affected  in  terms  of  reproducibility  and  overall  concentration 
response.  In  no  case  was  a  significant  RE?  by  CONC  interaction  detectable. 

For  the  DE  ,  TEC,  N2  slope  (log  of  the  percentage  of  N3/breath),  vital 
capacity,  EeV,  lung  dry  weight,  lung  wet  weight,  and  body  weight,  there  was  a 
significant  REP  effect  C?  <  0.01} .  In  the  absence  of  a  REP  by  CONC 
interaction,  however,  this  does  not  mean  that  these  results  were  not 
reproducible  from  replicate  to  replicate,  but  only  that  the 
concentration- response  pattern  shifted  noticeably  up  or  down. 

Lung  dry  weight  (p  a  0.0001),  lung  wet  weight  (p  *  0.0002),  and  £EV 
(p  a  0.006)  were  the  only  responses  that  showed  significant 
concentration-related  effects  pooled  over  both  replicates  (Figures  20  and  21). 
Individual  contrasts  of  mean  control  versus  seen  response  at  each  of  the  two 
fog  oil  smoke  concentrations  indicated  that  foe  EEV,  the  only  significant 
difference  occurred  between  cantrols  and  the  high  concentration  ip  a  0.0O2), 
The  same  situation  occurred  for  lung  dry  (p  *  O.0001)  and  wet  ip  =  O.OddU 
weights.  None  of  the  parameters  tested  showed  significant  effects  at  the 
O.S-mg/L  concentration. 
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Figure  2D.  Pooled  replicate  effect  of  4-wk  exposure  to  fog  aj]  «ooke  t m  lung  wet 
awl  dry  weight?.  |*»w  bar?,  represent  the  standard  error  of  the 
wshtt.  *$igattieamly  tliffmot  Itoia  eoutrol  ip  <  0.11*). 


Cordiopoitsouaev  Physiology 


Two  groups  o£  IS  eats  wer«  obtained  oo  different  days.  Of  those 
12  anitaaijs,  half  were  air  coateols,  as4  half  vt*r@  espostKi  to  1.5  ®s/t  fog  at 
safcOk«rk  3-5  br/dijr ,  4  dayg/vfc  for  4  wk.  Of  the  24  aai®al£,  16  were  to 
study  pulsouary  i‘arsetia?ik  and  the  cessainisg  8  were  ested  tor  cardiovascular 
evaluation.  Sis  an  i  sea  is  ia  the  pulmonary  function  group  and  two  of  the  eigU 
cardiovascular  gepup  eats  -could  net  be  used  because  of  surgical  failures.  T 
data  frets  five  cent  t  a  is  and  five  treated  aniisaia  revealed  no-  significant 
differences  m  puiaanarv  funetiou  after  statist  .real  analysis  using  t  tests. 
Although  net  statistically  sigiu f leant .  the  data  suggested  increased 
expiratory  resistance  in  treated  atuiaals  that  «ay  have  caused  a  slight 
elevation  to  breathing  rate  and  intrapleural  pressure 
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Figure  21.  Pooled  replicate  effect  of  4-wk  exposure  to  fog  oil  smoke  on  EEV. 

Error  bars  represent  the  standard  error  of  the  mean.  ^Significantly 
different  from  control  (p<0.05). 


Because  only  three  treated  animals  and  three  controls  were  examined  for 
cardiovascular  effects,  results  were  inconclusive.  Originally,  an  additional 
group  of  12  animals  (6  exposed  and  6  unexposed)  were  to  be  provided  for  these 
parameters.  However,  this  would  have  involved  running  two  chambers  for  4  wk 
with  only  six  animals  each.  We  decided  not  to  do  this  and  the  project  officer 
concurred. 


Pulmonary  Edema 


The  main  response  of  interest  in  this  end  point  is  protein-  concentration 
in  th*  cell-free,  lung  lavage  fluid.  The  logs  of  protein  level,  were  fit  to  a 
saturated  three-way  AKQVA  model.  The  auaiysis  detected  no  significant 
interactions  involving  main  effect  due  to  exposure  duration  but  did  show  a 
significant  (p  a  0.0j9)  exposure  frequency  by  exposure  concentration 
interaction  (Figure  22).  Post  hoc  t  tests  of  the  differences  in  least  square 
means  indicated  that  piateia  levels  in  rats  exposed  to  1.5  mg/t  of  fog  oil 
saMike,  4  days/wti,  were  significantly  elevated  over  control  response 
(p  =  0.0001)  and  also  significantly  elevated  (p  -  0.00?)  in  comparison  to  the 
mean  level  in  aui-ai#  exposed  to  the  same  fog  oil  smoke  concentration,  but  for 
only  2  days/wk. 


In  regard  to  the  reproducibility  of  repiieatss  1  and  2,  the  first 
replicate  showed  meau  lavage  fluid  protein  concentration  to  he  elevated 
approximately  &%  by  the  Q.S-ag/t  exposure  and  approximately  ?2T  by  the 
l.S-ag/i  level  {.Figure  22).  The  second  experiment  had  a  higher  basal  Uvage 
fluid  protein  eoaeeatrat ion  but  showed  somewhat  the  same  pattern:  little  or 
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no  elevation  at  the  0.5-mg/L  exposuie  level  and  a  36%  increase  at  the  1.5-mg/l 
exposure  level*  Univariate  ANOVA  of  the  data  from  both  replicates  indicated 
no  interactions  that  would  prohibit  pooling  of  data  from  both  replicates. 

When  this  was  done,  appropriate  contrasts  indicated  a  significant  elevation  of 
lavage  fluid  protein  concentration  at  the  l.5-mg/L  exposure  level  (p  -  0.0023) 
but  not  at  the  0.5-mg/L  level  of  exposure. 

Because  both  sexes  were  exposed  in  the  second  replicate,  a  possible 
difference  between  the  response  of  male  and  female  rats  .->as  investigated  using 
two-way  ANOVA  on  the  data  of  this  replicate  only.  No  effects  involving  gender 
were  detected,  indicating  that  the  response  of  males  and  females  was 
statistically  indistinguishable  (Figure  22) .  When  data  from  males  and  females 
were  pooled,  the  increase  over  control  at  1.5  mg/L  in  lavage  fluid  prctein 
concentration  was  significant,  as  was  the  increase  seen  when  pooled  data  from 
the  two  replicates  were  analyzed. 

Pulmonary  Cells 

Total  cell  counts,  cell  viability  determinations,  and  differential  cell 
counts  were  performed  on  cells  from  pulmonary  lavage  fluid.  The  parameters  of 
interest  (total  cells,  percentage  of  viability  of  total  cells,  and  percentages 
of  macrophages ,  lymphocytes,  polymorphonuclear  leukocytes  [PMNs]  and 
eosinophils)  were  examined  with  univariate  saturated  three-way  ANOVA  models. 
Total  cells  were  log-transformed,  and  percentages  of  PMNs  and  eosinophils  were 
arc  stine  square  root  transformed  to  satisfy  better  the  usual  ANOVA 
assumptions.  There  was  still  evidence  of  considerable  non-normality  of  the 
latter  two  percentages,  however,  even  after  such  transformation.  Post  hoc 
subtests  of  standardized  differences  in  least  squares  means  comparing  control 
group  mean  versus  each  fog  oil  smoke  concentration  group  mean  were  performed 
for  each  combination  of  exposure  frequency  and  exposure  duration.  Thus,  eight 
such  tests  were  performed  or;  each  of  the  above  parameters  .  To  hold  the 
overall  Type  1  error  to  5%,  only  the  results  of  such  tests  that  were 
significant  at  the  Q.OS/S  *  0  006  probability  level  are  cited  here  as 
significant.  The  ANOVA  of  logs  of  total  cells  indicated  significant  main 
effects  of  exposure  frequency  (p  =  0.0001),  exposure  duration  (p  -  0.04),  aud 
exposure  concentration  ($>  «  0.04).  The  only  subtest  that  was  significant  at 
the  adjusted  probability  level  was  the  difference  between  control  and  the 
1.5-mg/I  concentration  group  means  for  asieais  exposed  4  days/wk  for  3.5  hr 
(Figure  23).  No  other  such  lest  even  opproacned  significance.  Thus,  it 
appears  that  for  the  wvrst  case  exposure  there  was  an  influx  of  cells  into  the 
lung.  The.  ANOVA  of  the  percentage  of  viability  indicated  a  significant 
three-way  interaction  (p  =  0.01)  between  frequency,  duration,  and 
concentration.  The  post  hoe  t  test  of  the  control  means  versus  the  1.5-tag/L 
means*  foe  the  i-day/wk-70  aia  exposure  group  was  significant  (p  =  0.0001)  with 
means  of  66%  and  $$%,  respectively.  This  result  appeared  to  be  due  to 
abftoraaily  low  values  for  the  control  oRd  0.5-ag/lL  groups  (Figure  23).  The 
only  nther  test  approaching  significance  ip  -  0.02)  was  the  test  of  the 
difference  in  tseans  between  controls  t.SV&j  and  the  l.S-ag/l  group  (92%)  in 
animals  exposed  4  days/vk  for  3.5  hr. 

ANOVA  of  the  percentage  of  macrophages  also  indicated  a  three-way 
interaction  ip  =  0.02)  between  the  three  factors  considered.  Examining  the 


post  hoc  t  test  results,  only  the  difference  between  the  control  group  mean  of 
51%  and  the  0.5-mg/L  group  mean  of  75%  in  the  4-day/wk-3.5-hr  group  approached 
the  adjusted  significance  level  with  a  probability  of  0.0125  (Figure  23). 

The  interaction  of  concentration  and  time  was  significant  (p  =  0.001)  for 
the  percentage  of  PMNs.  There  was  no  indication  of  an  interactive  or  main 
effect  involving  exposure  frequency.  Of  the  post  hoc  tests  of  differences  of 
least  square  means,  two  were  significant  at  the  p  =  0.0001  level  (Figure  24): 

1.  the  control  mean  of  0.6%  versus  the  1.5-mg/L  mean  of  16.9%  for  rats 
exposed  2  days/wk-3.5  hr/day,  and 

2.  the  control  mean  of  2.4%  versus  the  1.5-og/L  mean  of  15.1%  for  rats 
exposed  4  days/wk-3.5  hr/day. 

With  respect  to  the  percentage  of  lymphocytes,  the  three-way  interaction 
was  again  significant  (p  =  0.002).  Three  of  the  t  tests  were  significant 
(Figure  24)  at  the  adjusted  significance  level: 

1.  the  control  group  mean  of  53%  versus  13%  for  the  1.5-mg/L  group  for 
animals  exposed  2  days/wk-3.5  hr/day 

2.  the  control  group  mean  of  47%  versus  a  O-S-mg/L  group  mean  of  18%  for 
rats  exposed  4  days/wk-3.5  hr/day 

3.  the  control  group  mean  of  47%  versus  the  i.5-mg/L  group  mean  of  23% 
for  rats  exposed  4  days/wk-3.5  hr/day. 

The  percentage  of  eosinophils  showed  a  marginally  significant  three-way 
interaction  (p  =  0  07)  in  the  ANGVA.  Only  one  of  the  post  hoc  tests  was 
significant:  the  difference  between  the  control  mean  of  0.0%  and  the  1.5-mg/L 
mean  of  0.8%  in  animals  exposed  for  35  hr,  4  days/wk  for  4  wk.  (Figure  24). 
Significance  levels  for  this  variable  should  be  viewed  with  extreme  caution, 
however,  due  to  heteroscedasticity  and  non- normality  problems. 

Figure  25  compares  the  Phase  II  replicates  for  pulmonary  eell  counts.  The 
combined  replicate  analyses  indicated  a  significant  increase  in  total  cells 
following  a  1.5-mg/L  exposure.  This  appears  to  be  due  to  a  significant 
(p  a  0.GC01)  influx  of  FHNs  (Figure  25),  which  was  significant  for  each 
replicate  and  when  the  replicates  were  combined.  Tha  combined  replicate 
analysis  also  indicated  a  significant  (p  =  0.030)  increase  in  total  cells  at 
0.5  mg/L,  but  the  percentage  of  PMNs  was  not  significantly  increased  at 
0.5  mg/L.  Viability  of  the  pulmonary  cells  (Figure  25)  appeared  to  be 
significantly  enhanced  by  the  fog  oil  smoke  treatment,  at  both  the  OS-mg/L 
and  1.5-mg/L  concentrations;  however,  there  was  a  significant  interaction 
between  replicates.  Effects  were  actually  greater  at  0.5  mg/L  than  at 
1.5  mg/L. 

The  percentage  of  alveolar  macrophages  recovered  decreased  with  increasing 
concentration  wheu  replicates  1,  2,  and  1  were  combined  (Figure  25).  There 
was  a  significant  interaction  between  REP  and  CONTI  but  this  was  probably  due 
to  the  unusually  low  control  value  for  the  first  replicate.  The  decrease  in 
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Figure  23.  Subacute  effects  of  fog  oil  smoke  on  total  cells,  percent  viability,  anti 
percent  macrophages.  Error  bar*  represent  the  standard  error  of  the 
mean.  •Significantly  different  from  control  (p<o.(35>. 

••Significantly  different  frota  control  (p-CO.Ol). 
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percentage  of  alveolar  macrophages  co-responded  to  an  increase  in  percentage 
of  PMNs.  The  percentage  of  lymphocyte  replicates  indicated  a  variety  of 
responses  (Figure  25).  Based  on  the  individual  and  combined  analyses,  there 
was  no  effect  due  to  fog  oil  smoke  on  the  percentage  of  lymphocytes. 

Behavioral  Response 

Activity  of  rats  in  a  figure-eight  maze  was  recorded  via  eight  photodiode 
pairs  mounted  in  the  ma2e.  A  saturated  three-way  ANOVA  model  was  initially 
fit  to  these  activity  counts.  However,  to  satisfy  the  usual  ANOVA  assumptions 
better,  logarithms  of  these  counts  were  also  analyzed.  The  latter  analysis 
indicated  that  the  three-way  interaction  between  exposure  frequency, 
concentration,  and  duration  was  significant  (p  =  0.0085),  thus  precluding  our 
ability  to  look  at  tests  of  main  effects  or  lower-order  interactions  within 
the  framework  of  this  model.  To  explore  the  nature  of  this  interaction, 
separate  two-way  ANOVAs  were  run  on  the  logs  of  the  activity  counts  for  each 
frequency  of  exposure  (2  or  4  days/wk).  The  ANOVA  of  counts  for  those  animals 
exposed  2  days/wk  indicated  a  significant  CONC  by  TIME  interaction  (p  =  0.02, 
Figure  26).  Post  hoc  tests  of  the  standardized  difference  in  least  square 
means  for  rats  exposed  70  min  and  for  rats  exposed  3.5  hr,  at  each  fog  oil 
smoke  concentration,  indicated  the  most  significant  difference  occurred  in  the 
controls  (p  =  0.03)  exposed  to  air  rather  than  fog  oil  smoke.  The  two-way 
ANOVA  for  animals  exposed  4  days/wk  did  not  detect  any  significant  interaction 
or  main  effect.  In  fact,  a  pattern  nearly  opposite  to  those  exposed  2  days/wk 
occurred.  This  was  undoubtedly  the  reason  for  the  three-way  interaction. 
Comparison  of  replicate  1  to  replicate  2  of  the  3.5-hr/day,  4-day/wk,  4-wk 
experiment  showed  a  marked  variability  makint  t  difficult  to  interpret, 
especially  with  regard  to  the  0.5-mg/l  exposure  level  (Figure  26).  At  the 
1.5-mg/L  level,  there  appeared  to  be  a  trend  toward  increased  activity; 
however,  this  was  not  statistically  significant. 

Clinical  Chemistry 

Both  multivariate  and  univariate  three-way  ANOVAs  were  performed.  A 
significant  amount  of  variance  heterogeneity  among  the  different  treatment 
groups  was  evident.  No  standard  transformation  helped.  Data  were  therefore 
rank  transformed.  The  same  analyses  were  then  run  on  both  the  untransformed 
and  rank-transformed  data.  The  multivariate  analyses  could  not  detect  any 
significant  effect  due  to  fog  oil  smoke  concentration.  The  results  shown  in 
Table  U  were  at  least  marginally  significant  for  the  univariate  analyses  upon 
examination  of  the  eight  contrasts  comparing  controls  versus  fog  oil  smoke 
groups  for  each  combination  of  exposure  frequency  aud  exposure  duration. 

Analysis  of  the  clinical  chemistry  parameters  combined  from  replicates  1 
and  2  showed  no  statistically  significant  changes  due  to  treatment  (Figures  27 
and  2S).  From  a  qualitativ  standpoint,  examination  of  the  means,  pooled  over 
replicates,  revealed  a  mono  ionic  increase  or  decrease  with  respect  to  fog  oil 
smoke  concentration  for  alb  sain,  cholesterol,  bilirubin,  ehol  ia*-sterase , 
leucine  aeunopept id4Se ,  iae  gaaic  phosphorous,  and  protein.  Beeause  there  is 
a  aiYt,  chance  ef  seeiyg  a  mo  \otoaic  increase  or  decrease  in  the  examination  of 
mean  responses  at  three  Coe  ceatrat  ions ,  and  because  We  were  examining 
20  variables,  we  would  exp* ct  6  or  7  variables  to  show  such  a  trend  by  chance. 
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TABLE  11.  EFFECT  OF  FREQUENCY  OF  FOG  OIL  SMOKE  EXPOSURE 
ON  CLINICAL  CHEMISTRY  PARAMETERS 


Variable 

Contrast 

Exposure 

P 

Critical  p 

Album  a 

Air 

vs.  0.5 

mg/La 

2 

days/wk-3.5  hr 

0.018 

0.006 

Air 

vs.  1.5 

ng/La 

2 

days/wk-3.5  hr 

0.018 

0.006 

Aldolase 

Air 

vs.  0.5 

mg/L 

2 

days/wk-3.5  hr 

0.016 

0.006 

Blood  urea  No 

Air 

vs.  1.5 

mg/La 

2 

days/wk-70  min 

0.010 

0.006 

Air 

vs.  0.5 

og/L 

2 

days/wk-3.5  hr 

0.003 

0.006 

Creatine  kinase 

Air 

vs.  0.5 

og/L 

2 

days/wk-3.5  hr 

0.003 

0.006 

Protein 

Air 

vs.  0.5 

Bg/L 

2 

days/wk-3.5  hr 

0.033 

0.006 

Aspartate 

Air 

vs.  0.5 

mg/L 

2 

days/wk-3.5  hr 

0.004 

0.006 

aminotransferase 

Air 

vs.  0-5 

rog/L 

4 

days/wk-70  min 

0.0014 

0.006 

Cholinesterase 

Air 

vs.  0.5 

mg/La 

2 

days/wk-70  min 

0.0014 

0.006 

Air 

vs.  1.5 

mg/La 

2 

days/wk-70  min 

0.0001 

0.006 

a.  pa  0.05  r  8. 


Hematology 

Niue  variables  were  examined  for  this  eud  point:  white  blood  cell  count 
(VBC),  percentages  of  PMNs,  percentages  of  lymphocytes ,  red  blood  cell  count 
(RJ3C),  mean  corpuscular  volume  (MCV),  mean  corpuscular  hemoglobin  (MCH),  mean 
corpuscular  hemoglobin  concentration  (MCHC)  in  erythrocytes,  percentage  of 
hematocrit,  and  hemoglobin.  Multivariate  and  univariate  ANOVAs  were  performed 
on  these  variables  to  examiae  them  both  collectively  3«d  individually. 

Because  no  standard  transformation  uniformly  corrected  both  the 
heteroscedasticity  and  non-nomality  of  the  ANOVA  model  residuals,  the 
variables  were  rank  transformed.  The  above  analyses  were  thus  run  on  both  the 
uatraasfomed  and  rank-transformed  variables.  Multivariate  analysis  of 
neither  the  uatransformed  nor  the  rank  transformed  data  indicated  any 
multivariate  effect  of  fog  oil  smoke  concentration.  The  univariate  results 
shown  in  Table  12  were  at  least  marginally  significant. 


* — •  Replicate  1 
■--■Replicate  2 


TABLE  12.  UNIVARIATE  RESULTS  OF  HEMATOLOGY  PARAMETERS 


Variable 

Contrast 

Exposure 

P 

Critical  pa 

MCV 

Air  vs.  0.5  mg/L 

4  days/wk-70  min 

0.018 

0.006 

MCV 

Air  vs.  1.5  mg/L 

4  day3/wk-70  min 

0.010 

0.006 

Hemoglobin 

Air  vs.  0.5  mg/L 

4  days/wk-70  min 

0.006 

0.006 

a.  p  <  0.05 

T  8. 

A  consistent  trend  toward  significance  of  a  particular  exposure  regimen 
over  several  end  points  did  not  emerge,  nor  were  there  effects  in  the  worst 
case  exposures  (highest  concentration  for  the  longest  and  most  frequent 
exposure).  No  notable  effects  of  fog  oil  smoke  exposure  appeared  on 
hematology  end  points,  at  least  with  the  sample  si2es  used  here.  However, 
when  hematology  parameters  measured  in  replicates  1  and  2  were  analyzed 
together  by  a  multivariate  ANOLA  :4del  some  effects  were  noted.  There  was  no 
indication  of  a  multivariate  interaction  (p  =  0.64,  Wilks'  criterion)  or  an 
overall  fog  oil  smoke  concentration  effect  (p  =  0.18,  Wilks'  criterion).  The 
univariate  ANOVA  for  MCV  indicated  a  highly  significant  main  effects  test 
(p  =  0.0054)  due  to  exposure  concentration  (Figure  29).  Changes  in  the  RBC 
were  marginally  sigaificsnt ,  given  the  number  of  responses  examined.  Thus-, 
although  the  volume  of  red  blood  cel  -is  significantly  decreased  with 

increasing  concentrations  of  fog  oi  tee  (p  =  0.05  a*  the  1.5-«g/L  level), 

the  RBC  appeared  to  increase  with  f.  j+‘  smoke  concentration.  The  other 
parameters  were  not  affected  by  fog  oil  smoke  exposure  (Figure  30). 

Xeaobiotie  Metabolism 

P&atQbatbital-laducedjSleeping  Time 

The  parameters  measured  by  this  assay,  time  to  loss  of  righting  reflex 
after  injection  of  sodium  pentobarbital  and  elapsed  sleeping  time,  were 
examined  using  both  multivariate  and  univariate  ANOVA  methods.  When  the 
saturated  three-way  multivariate  ANOVA  was  fit  to  the  veetor  response 
comprised  of  these  two  times,  there  was  a  significant  effect  on  the  joint 
response  due  to  exposure  time  (p  s  0.043)  and  a  marginally  significant 
interaction  (»  =  0.09)  of  exposure  frequency  and  concentration.  To 
investigate  these  eff-ets  further,  the  univariate  three-way  ANOVA  of  each 
response  variable  was  examined.  The  analysis  at  loss  of  righting  »»?Us  limes 
mimicked  the  multivariate  findings  with  the  significant  effect  (p  -  0.0279) 
due  to  exposure  time  and  a  eat  anally  significant  (p  a  0.0833)  exposure 
frequeu<*v  by  concentration  interaction  (Figaro  31).  Least  square  estimates  of 
scan  times  to  lass  of  righting  reflex  were  11.0?  and  9.&$  at a  tor  the  70-mm 
and  3.5-hr  exposure  groups,  respectively.  Aruawls  exposed  4  days/wk  showed  a 
decreasing  mean  number  at  minutes  la  loss  at  righting  reflex  with  increasing 
fog  ail  smoke  concentration.  Sowever .  animals  exposed  2  days/vk  showed  a 


r>3 


MCV  (^3) 


decline  in  loss  of  righting  reflex  time  ac  0.5  tng/l  of  fog  oil  smoke  but. 
showed  an  increase  at  1.5  og/L.  Using  subtests  of  the  differences  ia  least 
square  means  for  the  animals  exposed  4  days/wk,  the  response  at  1.5  mg/L 
(9.4  min)  was  markedly  different  (p  =  0.006)  from  the  control  response.  For 
the  animals  exposed  2  days/wk,  there  were  no  significant  differences  between 
controls  and  fog  oil  smoke  exposed  groups. 

With  respect  to  pentobarbital-induced  sleeping  time,  there  were  no 
significant  effects  due  to  concentration,  frequency  of  exposure,  or  exposure 
duration.  The  least  square  means  from  the  analysis  reflected  a  trend  in  the 
expected  direction.  Mean  sleeping  time  for  animals  exposed  2  days/wk  was 
50.2  min  and  for  animals  exposed  4  days/wk  was  49.1  min.  For  rats  exposed 
70  min  and  3.5  hr  on  each  occasion,  sleeping  times  were  52.7  and  46.7  min, 
respectively.  At  0.0,  0.5,  and  1.5  mg/L,  sleeping  times  were  56.1,  45.6,  and 
47.4  min,  respectively.  Figure  31  plots  mean  sleeping  times  over  fog  oil 
smoke  concentration  for  each  combination  of  exposure  frequency  and  duration. 
Only  in  animals  exposed  3.5  hr/day  for  4  days/wk  was  there  any  indication  of 
the  expected  concentration  response;  the  concentration  response  in  the  other 
three  groups  was  generally  flat,  W.n  we  analyzed  only  the  3.5-hr  exposure 
group,  we  saw  a  significant  (p  =  0.02)  effect  due  to  fog  oil  smoke 
concentration.  Although  this  test  was  biased  because  it  was  performed  after 
the  fact,  it  did  indicate  that  sleeping  time  was  more  than  negligibly  affected 
by  fog  oil  smoke  concentration. 

Figure  32  shows  a  comparison  of  replicates  1,2,  and  3  for  the  3.5-hi/day, 
4-day/wk  for  4-wk  exposures.  Considering  the  third  replicate  data  separately, 
sleeping  time  increased  slightly  with  increasing  fog  oil  smoke  concentration. 
This  contrasted  with  the  previous  replicates  in  which  a  monotonic  decrease  in 
sleeping  time  was  seen  with  increasing  concentration.  The  result  was  a  highly 
significant  (p  <  0.01)  interaction  between  REP  and  CQNC.  The  data  were  then 
examined  taking  two  replicates  at  a  time.  Only  when  che  second  and  third 
replicate  data  were  combined  was,  the  interaction  not  statistically 
significant.  There  was  no  difference,  however,  between  sleeping  times  of 
animals  from  the  different  fog  oil  smoke  concentrations  when  pooled  over  these 
two  replicates. 

Zoxaaolataine- Induced  Paralysis  Time 

This  end  point  was  measured  only  for  animals  exposed  4  days/wk  as 
explained  earlier.  Two  measurements  were  taken,  tbs  time  £rm  injection  to 
loss  of  righting  reflex  and  the  time  the  animal  remained  paralysed.  Because 
the  response  is  multidimensional,  both  multivariate  and  univariate  methods 
were  used  to  analyze  the  data.  Logarithms  of  both  measures  were  takes  to 
improve  homogeneity  of  variance  and  the  normal  distribution  of  residual 
assumptions.  A  saturated  two-way  multivariate  AhOVA  model  was  fit  to  the 
response  vector  comprised  of  both  loss  of  righting  reflex  and  paralysis  times. 
This  joint  response  was  significantly  affected  by  both  exposure  concentration 
(p  a  Q.QOOl)  and  duration  (p  s  O.QOfji). 

The  uiUVafiate  analyses  indicated  that  must  or  the  effects  seen  in  the 
multivariate  ASOVA  arose  with  respect  to  paralysis  time  and  sot  toss  of 
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Figure  32.  Effect  of  4-wk  fog  oil  smoke  exposure  on  pentobarbital-induced  sleety. 

g  umc  by  replicate.  'Significantly  different  from  control  (p<0.05;T 

depict.  ”  ?*»““«  *»«„•  Figure  33 

couc.ucretion  for  e,ch  „posu„  dur^ti™  i?"'‘‘s‘“8  f°8  •«  *“>ke 

"«««•  *•« t‘rsoi 
duta^c.“^^*[:Ti,rSrVelyf,  “ith  r'S,,eCt  t0  ">”>»“«  1 

IO-»i0  act!  3.5-hr  upoiun  groups,  cMp« 4  42  ,Ul  4'81  oi“  fat  '•h» 

.««« i»dicsud  hi»kly 

!as  >  - •»  .is  ;oi1t  .:r”:»d!e^u‘/ct“>,,s  wte  228' 

respectively.  For  the  ?Q-»in  and  4  4  *-5*«*/i*  exposure  groups, 

responses  were  i$2  aad  jq^  ai  *  f  exposure  groups,  geoaetde  wean 
•w  there  is  m  IviJSe.  Wly‘  >r°"  Fi*U'e  33  >  «*  »n  clearly 

Thus,  we  can  reasonably  assume  that  *el  concentration  by  duration  interaction, 
additive.  ^  S3UaUf  6h4C*  for  ^«lysis  time.  these  two  factors  are 

^th^^Ucaus^rJlvsT-r  °f  replicates  l  and  2.  In 

both  0.S  and  1.5  mg/f.  f  l  oil^t .  ®isai*ie4{Uiy  depressed  after  exposure  ta 

uductren  — 

not  shown).  cted  by  .0$  oil  smoke  exposure  (dat^ 


^  '  k \eiy  ^5* ^  w>  *  t/at *is-  "*  ■*.*  -v * ■  ^ ^ 


V-X'*'  »'*.A . 


Concentration  (mg/U 


Figure  3-t.  Effect  of  -t-wk  fog  oil  smoke  exposure  on  xenobtotie  metabolism  bv 

replicate.  A.  I‘aralv*is  tinte;  li.  AHH  actisitv.  ^Significant!*  different 
from  control  tp<0.05>.  »*!»ignificamls  different  from 
control  (p< O.Oi). 


Enzyme  Activity 


This  end  point  was  not  assayed  during  the  previous  4-vk  exposures. 

Because  there  was  only  one  replicate,  a  one-way  ANOVA  by  concentration  was  run 
against  each  response.  In  the  case  of  a  significant  (p  <  0.01)  main  effect  of 
concentration,  the  Williams'  test  for  lowest  effective  concentration  was 
applied.  AHH  showed  concentration-related  effects  (p  <  0.001,  Figure  34). 

The  Williams’  test  indicated  that  the  AKH  mean  at  0.5  and  1.5  mg/L  was 
significantly  different  from  that  of  controls. 

Whole-Body  versus  Nose-Only  Exposures  (Zoxazolaraine-Induced  Paralysis 

Time) 

The  comparison  study  of  whole-body  to  nose-only  exposure  using 
zoxazolaoine- induced  paralysis  time  as  an  end  point  was  analyzed.  Analysis 
consisted  of  a  two-way  ANOVA  on  the  primary  parameter  of  interest, 
zoxazol amine- induced  paralysis  time.  The  two  factors  were  the  method  of 
exposure,  whole-body  (WB)  or  nose-only  (NS),  and  the  fog  oil  smoke 
concentration  of  1.5  mg/L  or  filtered  air. 

ANOVA  indicated  no  sign  of  an  interactive  or  main  effect  on  paralysis  time 
due  to  the  method  of  exposure.  Either  method  or  pooling  over  methods 
indicated  a  highly  significant  effect  due  to  fog  oil  smoke  exposure  at 
1.5  mg/L  (Figure  35). 


Concentration  (mg/L) 


Figure  35.  Comparium  of  whule-t»odv  and  now-only  exposure  methods  on 
paralyth  time.  ••'ngnifkamh  different  from  control  (p<0.01). 


Immunology 

Natural  killer  (NK)  cell  activity  was  determined  at  four 
ef feetor-to-target  cell  ratios  ranging  at  twofold  intervals  from  1  to  25  to  1 
to  200.  The  multivariate  ANOVA  showed  only  an  effect  due  to  concentration 
(p  =  0.05).  Figure  36  slows  that  this  was  due  to  an  increase  in  cytotoxicity 
in  the  fog  oil  sraoke-expc sed  groups.  Figure  37  shows  a  graph  of  NK  cell 
activity  for  the  different  exposure  groups.  NK  cell  activity  increased  in  fog 
oil  smoke-treated  animals  exposed  4  days/wk  for  either  70  min  or  3.5  hr,  and 
2  days/wk  for  3.5  hr.  However,  post  hoc  t  tests  showed  that  the  only  results 
approaching  significance  were  at  the  1:200  and  1:50  ratios.  For  the  1:200 
ratio,  the  difference  between  the  control  and  the  1.5-mg/L  group  means  for  the 
2  days/wk-3.5  hr  exposur:  yielded  a  significance  of  p  =  0.02.  The  same 
contrast  for  the  4-day/wc  group  for  the  same  duration  time  did  not  approach 
significance.  For  the  150  assay,  the  difference  between  the  control  and  the 
1.5-mg/L  group  means  for  4  days/wk-3.5  hr/day  yielded  a  significance  of 
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Log  of  Effector-to-Target  Cell  Ratio 

Figure  37.  NK  cell  cytolytic  activity  for  the  different  exposure  groups  expressed 
as  log  of  effector-to- target  cell  ratio.  F,  =  2  days/wk;  Ft  =  4  days/wk; 
Tt  as  70  min/day;  T,s3.5  hrs;  1.4=NK25;  1.7=NK50:  2.Q=NKIOO; 
2.3  a  NK200.  Error  ban  represent  the  standard  error  of  the  wean. 


Responses  to  mitogens  are  expressed  as  counts  obtained  tor  the  individual 
mitogen  treatments  less  background  counts  obtained  from  cells  exposed  only  to 
media.  For  statistical  analysis,  square  root-transformed  values' were  used  to 
improve  variance  homogeneity  aud  normality  of  residuals.  Multivariate  ANOVA 
of  transformed  spleen  ceil  data  indicated  a  significant  frequency  effect 
(p  s  0.0005)  but  no  effects  due  to  concentration  or  time.  A  similar  analysis 
of  peripheral  blood  cells  also  showed  frequency  as  the  only  significant  effect 
(p  “  0.0045).  Univariate  ANQVA  was  also  performed  for  each  mitogen  tested  in 
spleen  and  for  each  mitogen  tested  in  peripheral  blood.  Eight  post  hoe 
t  tests  comparing  the  control  versus  eaeh  fog  oil  smoke  exposure  group  mean 
for  each  frequeaey-exposure-time  combination  were  examined  to  determine  for 
which,  if  any,  a  significant  concentration-related  effect  cculd  be  seen.  For 
both  spleen  (Figure  38)  and  peripheral  bl-jod  (Figure  39),  only  the  differences 
between  the  control  mean  and  the  1.5-sg/L  mean  in  the  lougest  exposure  and  the 
highest  frequency  group  appeared  to  approach  significance.  For  this  group, 
the  spleen  two-sided  p  values  for  the  mitogens  PKA,  Con  A,  and  PWM  were  0.04, 
0.03,  and  0.06,  respectively.  For  peripheral  blood,  p  values  for  the  same 
mitogens  were  0.03,  0.07,  and  0.05;  however,  if  these  values  were  adjusted  for 
the  number  of  contrasts  examined,  these  results  would  not  reach  significance. 
Also,  in  the  second  replicate,  this  tr'-ftd  toward  deereasing  response  to 
mitogens  with  increasing  fog  oil  smoke  concentrations  for  both  spleen  and 
peripheral  blood  culture  4vd  not  occur  (Figures  40  and  41). 
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?  uare  roots  of  differential  counts  were  analyzed  for  responses  of  splenic 
and  peripheral  lymphocytes  to  mitagens.  Multivariate  ANOVA  of  these  variables 
by  replicate  and  concentration  irdicated  a  weak  interaction  (p  =  0.091); 
however,  there  was  no  evidence  o:  a  multivariate  effect  doe  to  concentration 
(p  =  0.66),  There  was  a  strong  effect  due  to  replicate  (p  =  0.002),  None  of 
the  univariate  ANOVA ,  indicated  either  a  significant  (p  <  0,1)  interactive  or 
main  effect  due  to  concentration.  None  of  these  variables  indicated  a 
significant  concentration-related  effect  when  analysing  only  the  second 
replicate  data.  If  there  were  effects  due  to  these  fog  oil  smoke 
concentrations  with  respect  to  the  immunology  parameters  analyzed  here,  we  did 
not  have  enough  power  to  detect  them. 

A  third  replicate  was  conducted  for  NK  cell  activity  because  the  results 
of  the  first  two  replicates  were  inconclusive.  Four  effeetor-to-target  cell 
ratios  were  tested  at  twofold  intervals  ranging  from  1:200  to  1:25.  Results 
for  each  effector-ta-target  cell  ratio  were  analyzed  separately  by  two-way 
ANOVA.  For  all  replicates  combined,  no  main  effect  of  fog  oil  smoke 
concentraticr.  was  detectable  for  NK50,  NK100,  or  NK200  (Figure  42).  For  NK25 , 
an  interaction  (p  =  0.054)  between  replicate  and  fog  oil  smoke  concentration 
was  indicated.  Apparently  this  was  oec'^se  the  second  replicate  (which  was 
comprised  of  only  thrse  animals  per  group)  differed  markedly  from  the  first 
and  third  replicate,  each  of  which  showed  enhance^  NK  cell  activity  with 
increasing  fog  oil  smoke  concentration.  Looking  at  these  analyses  two 
replicates  at  a  time,  it  was  evident  that  replicates  l  and  3  reflected  the 
most  consistent  response.  This  can  be  seen  from  the  interaction  between 
replicate  and  exposure  concentration  for  each  of  four  ratios.  These  two 
replicates  als'  -‘ndicated  main  effects  due  to  fog  oil  smoke  exposure  not  only 
for  ^K25,  but  -  for  NK50  and  NK100.  Pooled  over  these  two  replicates, 
tests  of  dif  auces  between  least  square  means  indicated  that  for  NK25 ,  the 
mean  percentage  of  lysis  was  significantly  higher  than  control  response  at 
both  0.5  and  1.5  mg/L;  *‘or  NKi“.  only  the  tceau  at  1.5  mg/L  was  significantly 
higher  than  control;  and  for  NK10G,  results  were  the  sj»me  as  for  NK25.  Thus, 
if  the  secoad  replicate  (2  rat'  is  ignored,  the  data  showed  enhanced  NK  cell 
activity  at  three  of  the  lour  effector -to-taeget  cell  ratios  in  rats  exposed 
to  1.5  mg/L  of  fog  oil  smoke  (Figure  43} 

Table  13  shows  a  summary  of  the  subacute  range- finding  study  results. 

Phase  III  -  Subchron*c  Studies 


Part  A 

In  this  study,  male  rats  were  exposed  for  13  vk,  hc/d»y ,  4  days/wk,  to 
filtered  air,  or  0.5-  or  1.5-ag/L  fog  oil  smoke  concentrations.  Half  the 
animals  were  assessed  the  day  after  the  last  exposure  (noarecoveey)  aad  half 
were  assessed  after  a  4-vk  recovery  period  (recovery). 

His  togatha(Qfc;)r 

Hematoxylin-  and  cos  ta- S ta taed  histologic  seciiof.i  were  prepared  and 
evaluated  hists>palhologi„all>  from  the  following  tissues:  eyes,  heart,  sklu 
(aid-dorsal  region),  laryux,  peribronchial  ly-moh  node,  tiachea,  right 


Figure  43.  Effects  of  4-wk  fog  oil  smoke  exposure  on  NK  cell  cytolytic  activity 
expressed  as  efteewr-to-target  ceil  ratio. 


diaphragmatic  lobe  of  the  lung,  left  lobe  of  the  lung,  kidneys,  liver  (left 
lobe),  stomach,  duodenum,  testes,  epididymides,  and  three  sections  of  the 
i.4Sai.  cavity. 

Treatment-related  mieroseo**ie  ikaages  were  observed  in  the  lungs  aud  the 
peribronchial  lymph  nodes  of  t...  le  rats  in  both  concentration  groups  following 
the  13-wk  exposure  to  fog  oil  smoke.  Similar  changes  of  decreased  severity 
were  present  in  the  lung  and  peribronchial  lymph  nodes  in  male  rats  following 
the  recovery  period. 
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TABLE  13.  SUMMARY  OF  PHASE  II  -  SUBACUTE  RANGE-FINDING  STUDIES 


Parameter 

Effect 

Histopathology 

Dose-related  t  in  alveolar  macrophages 
Pneumonitis  in  4  of  6  males  exposed  at  1.5  mg/L 

Pulmonary  physiology 

t  EEV,  lung  wet  and  dry  weight 

Lavage  fluid  protein 

t  at  1.5  mg/L 

No  male/female  difference 

Pulmonary  cells 

t  in  PHNs  and  total  cells  at  1.5  mg/L 

Behavioral  response 

NS3 

Clinical  chemistry 

NSa 

Hematology 

NS3 

Pentobarbital-induced 
sleeping  time 

NS3 

Zoxazolamine-induceJ 
paralysis  time 

Decreased  at  0.5  and  1.5  mg/L 

AHH  activity 

Increased  at  0.5  and  1.5  mg/L 

Immunology 

Possible  enhancement  of  NK  cells 

a.  N3  =  no  significant  effects. 


la  male  rata  exposed  for  13  wfc  to  fog  oil  smoke,  a  diffuse  accumulation  of 
macrophages  was  present  ia  the  pulmonary  alveoli.  Although  the  distribution 
of  macrophages  involved  ail  regions  of  the  pulmonary  parenchyma,  the  number  of 
alveolar  macrophages  in  the  alveoli  was  greater  near  the  terminal  bronchioles. 
The  degree  of  severity  was  concentration  related  with  moderate  to  moderately 
severe  involvement  in  the  l.S-sg/L  exposure  group ,  and  minimal  to  slight 
involvement  in  the  O.S-sg/L  exposure  group.  Similar  changes  were  present 
following  recovery;  hewever  the  degree  of  involvement  was  slightly  decreased. 
Only  a  moderate  uuaber  of  .  ?olar  macrophages  were  present  in  the  lungs  of 
sate  rats  in  the  l.S-sg/L  *  .  -ry  group.  There  was  very  little  difference 
between  the  appearance  of  the  lung  after  13-wfc  exposure  or  following  the 
recovery  period  at  0.5  mg/t  with  minimal  to  slight  degrees  of  alveolar 
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macrophages  being  present  in  both  groups.  Other  changes  observed  in  the  lungs 
that  appeared  to  be  associated  with  fog  oil  smoke  exposure  included  focal 
hemorrhage  in  3  of  1C  rats  in  the  1.5-mg/L  exposure  group  following  a  13-wk 
exposure.  Multifocal  granulomatous  pneumonia  was  observed  in  1  of  10  rats 
following  the  13-wk  exposure  and  in  2  of  10  rats  following  recovery  in  the 
l . 5-og/L-exposed  group.  Other  changes  that  were  observed  within  the  lung  were 
considered  to  be  incidental  and  most  frequently  included  peribronchial  and 
perivascular  lymphocytic  infiltrates. 

Multiple  foci  of  macrophage  accumulation  were  present  in  the  cortical  and 
medullary  sinusoids  of  the  peribronchial  lymph  aodes  of  male  rats  in  all 
exposed  groups  but  not  in  control  groups.  Lymphoid  hyperplasia  was  also 
observed  in  the  cortex  of  the  peribronchial  lymph  nodes  of  many  of  the  exposed 
rats.  The  incidence  and  the  severity  of  these  changes  were  both  concentration 
related.  However,  little  difference  was  present  between  the  incidence  or 
severity  at  either  exposure  level  when  the  findings  at  13  wk  were  compared 
with  those  following  the  recovery  period. 

At  necropsy,  the  mandibular  lymph  nodes  of  several  of  the  control  and 
exposed  rats  were  described  as  slightly  enlarged  and  red.  Microscopically, 
these  lymph  nodes  had  varying  degrees  of  lymphoid  hyperplasia  and  congestion 
of  the  cortical  and  medullary  sinusoids.  Although  the  incidence  of  these 
findings  was  slightly  greater  in  exposed  groups  than  in  the  control  groups, 
the  relationship  to  exposure  is  not  clear.  Only  mandibular  lymph  nodes 
described  as  abnormal  at  necropsy  were  examined  histopathologically ; 
therefore,  this  tissue  was  not  examined  from  all  rats  in  the  study. 

No  treatment-related  changes  were  present  in  other  tissues  examined  in 
this  phase  of  the  study.  A  few  incidental  lesions  such  as  chronic 
myocarditis,  tubular  regeneration  in  the  kidney,  and  seminiferous  tubular 
atrophy  in  the  testes  were  occasionally  observed.  These  changes  were 
considered  to  be  within  normal  limits  for  male  rats  of  this  age  and  strain. 

The  terminal  body,  brain,  lung,  liver,  kidney,  and  testicle  weights  were 
recorded  at  necropsy.  For  other  end  points,  the  pathology  data  were  analyzed 
both  separately  by  type  of  recovery  and  by  combining  recovery  and  nonrecovery 
animals.  Total  body  weight  aud  the  weights  of  each  organ  are  plotted  in 
Figure  44,  and  the  ratios  of  these  organs  to  total  body  weight  are  shown  in 
Figure  45.  Only  these  ratios  or  transformations  of  them  were  analyzed  within 
a  multivariate  ANQVA  framework.  AH  ratio  data  was  log-transformed  to 
alleviate  heteroscedasticity  problems. 

Multivariate  ANOVA  of  the  nonrecovery  data  of  the  logs  of  the 
tissues-to-body  weight  ratios  indicated  a  significant  effect  on  the  joint 
response  (j*  =  0.0001,  Wilks’  criterion)  due  to  fog  oil  smoke  concentration. 
Univariate  ANOVAs  indicated  eoaeeutratioa-related  effects  for  the  lung 
(p  *  0.001)  and  liver  (p  =  0.04)  to  body  weight  ratios.  The  Williams'  test, 
assuming  a  aonotonically  increasing  or  decreasing  trend  with  increasing 
concentration,  indicated  that  even  at  0.S  mg/L,  lung- to -body  weight  ratios 
were  significantly  ditfereat  from  those  of  controls.  Drain,  liver,  and  kidney 
weights  as  a  percentage  of  total  body  weight  ais-  increased  with  eoneeatrat ion 
but  not  significantly . 
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Multivariate  ANOVA  of  this  same  profile  of  ratios  for  recovery  animals 
also  indicated  statistical  significance  vP  =  0.0001,  Wilks’  criterion)  due  to 
concentration.  Individual  ANOVAs,  however,  indicated  that  only  the 
lung-to-body  weight  ratio  was  affected  by  fog  oil  smoke  concentration 
(p  =  0.0001).  Assuming  3  trend  with  increasing  concentration,  the  Williams' 
test  found  only  the  mean  at  1.5  mg/L  different  from  that  of  controls  for  the 
same  rat^o.  The  other  organ  percentages  did  aot  even  qualitatively  follow  a 
concentration-response  relationship  with  fog  oil  smoke  concentration. 

A  two-way  multivariate  ANOVA  with  fog  oil  smoke  concentration  and  recovery 
time  as  factors  was  run  on  the  combined  data  set.  There  was  no  significant 
interactive  recovery  time  by  fog  oil  smoke  concentration  effect  on  the  joint 
response.  "p'.ie  main  effects  of  fog  oil  smoke  concentration  were  significant 
but  there  was  no  multivariate  effect  due  to  recovery  time.  The  univariate 
two-way  ANOVAs  indicated  that  the  lung-to-body  weight  ratio  was  strongly 
affected  by  fog  oil  smoke  concentration  and  that  this  effect  still  remained 
after  recovery. 

Pulmonary  Physiology 

Individual  ANOVAs  of  each  parameter  indicated  concentration- related 
changes  in  lung  wet  weight  (p  =  0.0001)  and  lung  dry  weight  (p  =  0.0001). 

Lung  wet  and  dry  weights  were  affected  similarly  after  13-wfc  exposure  with  and 
without  the  recovery  period  (Figure  46).  Pooling  over  concentration  groups, 
lung  weights  were  lower  for  recovery  animals.  “Wording  to  the  Williams’ 
test,  there  was  still  a  significant  upward  trend  in  these  weights,  even  for 
recovery  animals,  with  the  1.5-og/L  concentration  group  significantly 
different  from  control.  Williams’  tests  indicated  that  for  lung  dry  weights, 
the  means  for  both  nonrecovery  and  recovery  animals  at  1.5  mg/L 
were  significantly  greater  than  their  respective  controls.  For  lung  wet 
weight,  a  significant  increase  was  also  seen  at  the  1.5-mg/L  level  for  both 
groups.  No  difference  between  any  concentration  group  and  control  respouse 
could  be  seen  for  E£V  using  a  two-sided  Williams’  test  (Figure  46).  However, 
using  a  less  conservative  subtest  (a  t  test  of  the  least  squares  means),  there 
was  a  significant  (p  =  0.Q28)  difference  between  the  1.5-og/L  and  control 
groups  of  the  noarecovery  animals. 

Combining  the  recovery  with  the  noureeovery  animals,  the  two-way 
oultivaeiate  ANOVA  indicated  both  recovery  (p  =  0.001,  Wilks’  criterion)  and 
concentration-related  (p  =  0.0001,  Wilks’  criterion)  effects  on  the  joint 
response .  Individual  two-way  ANOVAs  of  each  response  showed  differences, 
pooled  over  concentration  groups,  in  Nj  washout  levels  due  to  recovery 
(p  s  0.0001 ) .  Figure  47  shows  that  recovery  animal  levels  of  the  N^  washout 
parameter  were  lower  than  those  for  nonreeovery  rats.  The  opposite  effect  was 
apparent  for  Nj  washout  corrected  for  EEV;  the  slope  for  nonreeovery  animats 
was  generally  tower  (p  2  0.314,  Figure  47). 
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Pulmonary  Edema 

Figure  48  shows  the  effects  of  fog  oil  smoke  treatment  on  lavage  fluid 
protein  concentration.  Recovery  animals  alone  showed  a  marginal  (p  =  0.082) 
effect  of  fog  oil  smoke  on  lavage  fluid  protein  concentration.  Dunne tt 1 g 
test,  however,  could  not  distinguish  either  concentration  group  as  different 
from  controls.  The  two-way  ANOVA  indicated  an  interaction  between  recovery 
and  concentration  (p  —  0.038)  on  the  lavage  fluid  protein  concentration. 

Clinical  Chemistry 

For  recovery  animals,  the  joint  response  of  the  parameters  studied  did  not 
appear  to  be  affected  by  concentration  (p  =  0.2168,  Wilks’  criterion). 
Individual  ANOVAs  indicated  that  ouly  amylase  (p  =  0.025)  was  influenced  by 
fog  oil  smoke  (Figure  49).  Dunnett's  test  (two-sided)  showed  that  the  amylase 
level  at  1.5  mg/I  was  significantly  different  from  that  of  the  controls. 
Triglyceride  levels,  which  showed  a  significantly  decreasing  trend  in 
nonrecovery  animals,  were  indistinguishable  in  recovery  animals  (Figure  49). 
When  data  for  the  recovery  animals  were  combined  with  that  for  the  nonrecovery 
animals,  there  was  an  overall  recovery  effect  (p  =  0.0001,  Wilks’  criterion) 
but  no  concentration- related  (p  =  0.3633,  Wilks’  criterion)  effect. 

Xenobiotic  Metabolism 

There  was  a  significant  concentration-related  decrease  in 
zoxazoiaoine- induced  paralysis  tinie  and  an  increase  ia  AHH  activity  after 


13  wk  of  exposure.  After  the  recovery  period,  AKH  and  paralysis  time  were 
measured  to  determine  the  duration  of  the  effect  observed  immediately  after 
the  13-wk  exposure  (Figure  50).  AHH  levels  were  log- transformed  to  correct 
for  heterogeneity  of  variance  as  had  been  done  for  nonrecovery  animals. 
Paralysis  time  and  AHH  activity  were  significantly  affected  after  a  13-wk 
exposure  but  returned  to  normal  during  the  recovery  period.  Among  recovery 
period  animals,  paralysis  time  increased  with  concentration  but  not 
significantly  as  compared  to  nonrecovery  animals  that  showed  a  .significant 
decrease  in  paralysis  time  by  concentration.  The  two-way  ANOVA  combining  data 
for  recovery  and  nonrecovery  animals  showed  an  obvious  interaction 
(p  =  0.0001)  between  the  effects  of  recovery  and  concentration.  Cytochrome 
P450  concentrations  were  not  significantly  altered  by  13-wk  exposure  to  fog 
oil  smoke,  aor  did  the  recovery  period  show  a  latent  effect  (Figure  50). 

Immunology 

Immunology  data  (mitogen  data  and  NK  cell  data)  for  recovery  and 
nonrecovery  animals  were  analyzed  separately.  Parameters  of  mitogen  data  were 
transformed  by  taking  the  square  root  of  the  difference  between  each  mitog?n 
and  media  count.  Multivariate  ANOVA  of  mitogen  recovery  data  did  not  indicate 
any  significant  effect  of  fog  oil  smoke  concentration  on  the  joint  response. 
The  individual  responses  did  not  appear  to  be  affected  by  fog  oil  smoke 
concentration  either.  No  significant  interaction  (recovery  time  by  fog  oil 
smoke  concentration)  od  the  joint  response  was  evident  in  the  multivariate 
ANOVA  of  the  combined  data.  Univariate  ANOVA  of  individual  responses  showed 
significant  effects  of  recovery  on  splenic  Con  A,  PHA,  and  PWM  responses 
(Figure  51).  Recovery  effects  of  boraerline  significance  were  present  for 
peripheral  blood  PHA  and  Con  A  responses;  no  effect  was  shown  for  PUH 
(Figure  52).  No  main  effect  due  to  fog  oil  smoke  concentration  was  indicated 
by  either  the  multivariate  or  univariate  analyses  of  the  parameters. 

A  significant  effect  of  fog  oil  smoke  concentration  on  the  joint  response 
of  the  NK  cell  recovery  data  was  indicated  in  the  multivariate  ANOVA 
(p  9  0.028,  Wilks’  criterion).  Effects  of  fog  oil  smoke  concentration  on 
individual  responses  were  significant  (p  <  0.02)  for  NK25  and  NK200 
eifector-to-target  cell  ratios  (E/T)  but  not  NK50  aud  NKIGQ  (Figure  S3).  For 
the  combined  data,  no  significant  interaction  (fog  oil  smoke  concentration  by 
recovery)  on  the  joint  response  of  the  parameters  was  evident.  Significant 
sain  effects  were  indicated  for  both  fog  oil  smoke  concentration  (p  a  0.003?) 
and  recovery  (p  =  0.00QI).  Consideration  of  individual  response*  by  means  of 
univariate  ANOVA  revealed  significant  main  effects  of  both  fog  oil  smoke 
concentration  aud  recovery  for  NK  E/Ts  of  25,  100,  and  200.  For  an  NX  E/T  of 
50,  the  effect  of  recovery  on  eytoiysis  was  statistically  significant. 

Table  i<*  shows  a  summary  o!  the  results  of  Phase  III  -  Subehrenic  Study: 
Part  A. 


• — •  13  wk 
* — •  Recovery 
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Figure  S3.  Re> pom*  of  NR  eell  cytolytic  activity  after  a  subehroaie  13- wk. 

exposure  and  a  4-wk  recovery  period.  "Significantly  different  front 
control  Cp<0.05). 
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TABLE  14.  SUMMARY  OF  PHASE  III  -  SUBCHRONIC  STUDY:  PART  A 


Pulmonary  Response 

Parameter 

13-wk  Exposure 

4-wk  Recovery  Period 

Histopathology 

* 

Dose-related  t  macroptnges 

•  Granulomatous 

* 

Lymphoid  hyperplasia 

pneumonia  at 

1.5  mg/L 

Body  weight 

at  l.J>  mg/L 

NSa 

Lung  weight 

t 

at  0.5  and  1.5  mg/L 

t  at  1.5  mg/L 

Pulmonary  physiology 

NS 

NS 

Pulomnary  edema 

NS 

NS 

Systemic  Response 

Histopathology 

• 

Hyperplasia  and 

Similar  to  13-wk 

congestion  of 

exposure  period 

mandibular  lymph  nodes 
at  0.5  and  1.5  og/L 

data 

Clinical  chemistry 

i 

Triglycerides 

t  Amylase 

AilH  activity 

1 

at  0.5  and  1.5  mg/L 

NS 

Zexazoi amine- induced 
paralysis  time 

; 

at  0.5  and  1.5  ag/l 

NS 

Cytochrome  P4SQ 

NS 

NS 

Immunology 

-IS 

NS 

a.  NS  a  tto  significant  effects. 


Pact  B 

Sals  were  esposrd  to  either  air,  or  0.2  or  0.5  mg/f.  of  fog  oil  smoke  for 
3.5  hr/day,  4  dayg/vk  for  13  wk.  This  study  was  a  follow-up  to  the  Phase  til 
Pact  A  study,  which  had  exposure  levels  of  filtered  air  and  0.5  and  1.5  mg/L 
of  fog  oil  smoke  for  3.5  tie/day,  4  aayu/wk. 


Histopathology 

After  terminal  sacrifice,  necropsies  were  conducted  on  three  groups  of 
10  male  rats  that  were  exposed  to  0.2  and  0.5  mg/L  of  fog  oil  smoke  and  to 
control  air,  respectively.  Treatment-related  microscopic  changes  were 
observed  in  the  lungs  of  male  rats  exposed  to  0.2  and  0.5  mg/L  of  fog  oil 
smoke  for  13  wk  when  compared  to  control  groups.  A  diffuse  accumulation  of 
macrophages  was  present  in  the  pulmonary  alveoli.  The  degree  of  involvement 
was  generally  considered  to  be  minimal  to  slight  in  rats  exposed  to  0.2  mg/L 
of  fog  oil  smoke  and  to  be  slight  to  moderate  in  rats  exposed  to  0.5  mg/L  of 
fog  oil  smoke.  Other  lesions  observed  in  the  respiratory  tract  that  occurred 
only  in  rats  exposed  to  fog  oil  smoke  included  submucosal  and  subacute 
inflammation  in  the  larynx  of  1  of  9  rats  exposed  to  0.5  mg/L,  and  submucosal 
lymphocytic  infiltrates  in  the  larynx  of  2  of  10  rats  exposed  to  0.2  mg/L  and 
4  of  10  rats  exposed  to  0.5  mg/L  of  fog  oil  smoke.  Multiple  foci  of 
macrophage  accumulation  in  the  cortical  and  medullary  sinusoids  observed  in 
the  peribronchial  lymph  node  of  one  rat  exposed  to  0.5  mg/L  was  similar  to 
that  observed  in  earlier  studies  at  higher  concentrations. 

At  necropsy,  the  mandibular  lymph  nodes  of  several  of  the  control  and 
exposed  rats  were  described  as  slightly  enlarged  and/or  red.  Microscopically, 
these  lymph  nodes  had  varying  degrees  of  congestion  of  the  cortical  and 
medullary  sinusoids.  The  incidence  of  congestion  was  similar  in  control  and 
treated  rats,  and  no  relationships  to  exposure  were  present.  Only  mandibular 
lymph  nodes  described  as  abnormal  at  necropsy  were  examined 
histopathologically ;  therefore,  this  tissue  was  not  examined  for  all  rats  in 
the  study. 

No  treatment-related  changes  were  present  in  other  tissues  examined  in 
this  study.  A  few  incidental  lesious  such  as  chronic  myocarditis,  tubular 
regeneration  in  the  kidney,  peribronchial  lymphocytic  infiltrates  in  the  lung, 
and  focal  chronic  inflammation  in  the  liver  were  occasionally  observed.  These 
changes  were  considered  to  be  within  normal  limits  for  male  rats  of  this  age 
and  strain. 

Pulmonary  Physiology 


«k" 

«  a 


V* 
*  % ' 

»/' 

O 


Two-way  ANQVA  on  each  response  indicated  either  a  sizable  interaction 
between  REP  and  CQNC,  or  a  main  effect  of  REP  for  the  following  measures:  N*j 
washout  slope  (Ng-SLP,  REP  effect,  p  »  0.0001),  TC  (REP  effect,  p  =  0.036), 
lung  dry  weight  (REP  effect,  p  =  0.008).  The  data  for  the  two  replicates  at 
0.5  mg/L  were  combined  for  the  following  parameters:  compliance,  body  weight, 
lung  wet  weights,  Dt  ,  and  vital  capacity.  Wheu  the  two  replicates  were 
combined  using  0.0  au8  0.5  replicate  data,  body  weight  decreased  with 
increasing  eoneeutration  but  not  in  a  statistically  notable  fashion 
(Figure  54).  However,  at  1.5  mg/L,  the  observed  decrease  of  72  g  is 
significant . 


When  the 
lung  wet  and 
(Figure  54) . 


Williams’  test  was  applied  Separately  to  eat.li  replicate’s  data, 
dry  weights  showed  significant  trends  with  concent  ration 
Other  parameters  were  not  significant  (Figures  53  and  5o). 
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Pulmonary  Edema 


Three  parameters  were  examined  here:  body  weight,  volume  of  lavage  fluid 
removed,  and  lavage  fluid  protein  concentration.  The  two-way  ANOVAs  of  the 
data  from  both  replicates  for  filtered  air  and  at  0.5  og/L  indicated  sizable 
replicate  differences  for  both  lavage  fluid  volume  and  lavage  fluid  protein. 
Thus,  the  data  for  these  two  variables  from  the  two  replicates  were  not 
combined  prior  to  running  Williams'  te9t.  Williams'  test  on  lavage  fluid 
protein  for  the  second  replicate  indicated  that  the  mean  response  at  0.5  mg/L 
was  different  from  the  control  mean  (Figure  57).  Because  there  was  evidence 


of  nonhomogeneity  of  concentration  group  variances,  the  same  analysis  was 
repeated  by  the  ranked  observations.  This  showed  that  th«  mean  rank  of  the 
0.2-mg/L  group  was  also  different  from  that  of  control.  This  indicated  that 
the  nominal  significance  probability  of  5%  was  affected  by  the  homogeneity 
problem.  There  was  no  difference  in  the  volume  of  lavage  fluid  recovered  at 
each  concentration  (Figure  57). 

Pulmonary  Cells 

Five  parameters  were  analyzed:  total  cells,  the  percentage  of  total  cell 
viability,  and  percentages  of  macrophages,  PMNs,  and  lymphocytes.  These  end 
points  were  not  examined  in  Phase  III  Pert  A;  therefore,  no  combining  of 
replicates  was  involved  in  this  analysis.  The  percentage  of  total  cell 
viability  was  not  affected  by  fog  oil  smoke  concentration  at  any  level 
(Figure  58).  Percentages  of  macrophages,  PMNs,  and  lymphocytes,  however,  were 
affected,  with  1.5  mg/L  being  the  lowest  effective  concentration.  There  was 
some  heterogeneity  among  concentration  group  variances  for  macrophages  and 
PMNs,  but  analysis  of  the  ranks  of  these  variables  yielded  the  same  results. 

Hematology 

This  end  point  was  not  examined  in  Phase  III  Part  A.  Information  was 
collected  on  11  blood  parameters,  9  of  which  had  sufficient  information  to 
analyze.  A  one-way  ANOVA  by  fog  oil  smoke  concentration  was  run  against  each 
of  these  nine  responses.  None  could  be  detected  as  significantly  affected  by 
concentration.  Hemoglobin  showed  a  general  increase  with  concentration  but 
was  not  significantly  affected  (data  not  shown). 

Xenobiotic  Metabolism 

Zoxazolamiae- Induced  Paralysis  Time 

The  parameters  examined  for  this  end  point  were  induction  time  and 
paralysis  time.  The  two-way  ANOVA  on  paralysis  time  indicated  an  (p  =  0.017) 
interaction  between  REP  and  CQNC.  Thus,  the  data  for  paralysis  time  were  not 
pooled  over  both  replicates.  Even  when  examined  separately  by  replicate 
(Figure  59),  however,  the  mean  paralysis  time  of  189.5  min  at  0.2  mg/L  is 
significantly  different  from  the  control  mean  of  270.6  min  with  Williams’ 
test.  There  was  no  effect  of  increasing  concentration  on  induction  time  (data 
not  shown) . 

Eusyme  Activity 

From  the  two-way  ANQVAs  with  REP  and  CONC  as  factors,  there  was  an 
interaction  involving  REP  for  cytochrome  P450.  When  we  looked  at  the 
eytochrome  P450  concent  ration  response  separately  by  REP  with  Williams’  test, 
there  was  no  indication  ef  a  statistically  significant  concentration-related 
trend  (data  not  shown).  Afth  showed  a  significant  increasing  trend  with 
concentration,  and  the  mean  response  at  even  6.2  mg/L  was  *ig~ • t icantly 
different  from  control  (Figure  y-i  > .  However,  there  were  sjsc  ncter ogcfieous 
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Figure  59.  Coneemration-response  alter  subchronic  13-wk  exposure  on  paralvsis 
titae  and  AH  II  activity.  "Significantly  different  from 
control  (p<0.05). 


variances  aaoug  the  different  concentration  groups.  The  analysis  of  AiiK  was 
repeated  on  the  ranks  of  the  AliH  levels  to  check  the  results  under  more 
reasonable  ANOVA  assumptions.  When  Williams’  t**st  was  applied  to  the  ranks, 
the  maximum  likelihood  estimates  of  the  mean  ranks  at  0.2,  0.5,  and  1.5  mg/L 
were  indistinguishable,  but  all  were  significantly  higher  than  control. 


Table  15  shows  a  summary  of  the  results  from  Phase  III 
Part  8. 


Subehrouic  Study: 
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hale  and  female  rats  were  exposed  to  filtered  air  or  1.5  mg/l  of  fog  Oil 
smoke  for  13  vk  to  compare  the  sex  response  at  the  1.5-mg/L  concentration. 
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TABLE  15.  SUMMARY  OF  PHASE  III  -  SUBCHRONIC  STUDY:  PART  B 


Pulmonary  Response 


Parameter 

0.2  mg/L 

0.5  mg/L 

Histopathology 

Mild  t  macrophages 

Moderate  t  macrophage" 

Body  weight  (c)a 

NSb 

NS 

Dry  lung  weight  (s)C 

NS 

t 

Pulmonary  physiology  (c) 

NS 

NS 

Pulmonary  edema 

td 

td 

Pulmonary  cells 

NS 

t  X  PMNs 
i  X  macrophages 
t  X  lymphocytes 

Systemic  Response 

Histopathology 

NS 

NS 

Hematology 

NS 

NS 

AHH  activity 

t 

t 

Zoxazo laraine- induced 
paralysis  time 

4 

i 

Cytochrome  P450 

NS 

NS 

N 

I. 


C 

K 

m 

\ 


a.  (c)  s  combined  replicate  data  analysis 

b.  NS  s  no  significant  effects. 

c.  (s)  n  single  replicate  data  analysis. 

d.  Only  oecured  in  replieate  2. 


Histopathology 


Treatment-related  microscopic  changes  were  observed  in  the  lungs  and 
peribronchial  lymph  nodes  of  rats  of  both  sexes  exposed  to  1.5  mg/L  of  fog  oil 
smoke  for  13  wk  when  compared  to  control  groups.  A  diffuse  accumulation  of 
macrophages  were  present  in  the  pulmonary  alveoli.  The  degree  of  involvement 
was  slightly  greater  in  the  male  rats  than  female  rats  exposed  to  1.5  mg/L  of 
fog  oil  smoke.  Most  of  the  male  rats  had  a  moderate  degree  of  diffuse 
alveolar  macrophages;  female  rats  were  generally  considered  to  have  only 
slight  involvement.  Although  the  distribution  of  macrophages  involved  all 
regions  of  the  pulmonary  parenchyma,  there  was  an  increased  number  of  alveolar 
macrophages  near  the  terminal  bronchioles.  Other  changes  observed  in  the 
lungs  that  appeared  to  be  associated  with  exposure  to  fog  oil  smoke  included 
multifocal  granulomatous  pneumonia  in  3  of  10  males,  focal  adenomatous 
hyperplasia  in  1  of  10  female  rats,  and  congestion  and  perivascular  edema  in 
3  female  rats  that  died  during  the  study.  Multiple  foci  of  macrophage 
accumulation  were  present  in  the  cortical  and  medullary  sinusoids  of  the 
peribronchial  lymph  oodes  of  5  of  10  male  and  5  of  10  female  rats  exposed  to 
fog  oil  smoke. 

At  necropsy,  the  mandibular  lymph  nodes  of  several  of  the  control  and 
exposed  rats  were  described  as  slightly  enlarged  and  red.  Microscopically, 
these  lymph  nodes  had  varying  degrees  of  congestion  of  the  cortical  and 
medullary  sinusoids.  The  incidence  of  congestion  was  similar  in  control  and 
treated  rats  of  both  sexes  and  no  relationships  to  exposure  were  present. 

Onlv  mandibular  lymph  nodes  described  as  abnormal  at  necropsy  were  examined 
his- .pathologically;  therefore,  this  tissue  was  not  examined  from  all  rats  iu 
the  ; indy . 

No  treatment-related  changes  were  present  in  other  tissues  examined  in 
this  study.  A  few  incidental  lesions  such  as  chronic  myocarditis,  tubular 
it. gene rat ion  in  the  kidney,  peribronchial  lymphocytic  infiltrates  in  the  lung, 
aud  aeffliniic  ius  tubular  atrophy  in  the  testes  were  occasionally  observed. 
These  changes  were  considered  to  be  within  normal  limits  for  male  rats  of  this 
age  and  strain. 

Pulmonary  Physiology 

The  same  parameters  that  had  been  examined  in  other  phases  of  the  study 
were  also  examined  here.  Multivariate  ANOVA  indicated  overall  effects  of 
gender  (p  <  0.001)  and  of  concentration  (p  <  0.001)  on  the  vector  comprised  of 
these  10  respouses.  No  multivariate  interaction  of  gender  and  concentration 
was  evident  for  this  overall  response.  When  tested  on  an  individual  response 
basis,  all  the  parameters  indicated  a  main  effect  due  to  gender  (p  <  0.001), 
males'  being  greater  than  females’  (figures  60-62).  Residual  volume  indicated 
a  gender  by  concentration  interaction  (p  =  0.044).  When  subtesting  for 
concentration  effect  by  gender  using  standardised  differences  of  least  square 
means,  we  observed  a  significant  increase  m  residual  volume  in  males 
(p  =  0.003)  but  not  in  females  (p  =  0.619).  Overall,  both  sexes  appear 
equally  sensitive  to  fog  oil  smoke  exposure. 
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Pulmonary  Edema 

ANOVA  of  protein  levels  showed  no  gender  effect  (p  =  0.627)  but  a  strong 
fog  oil  smoke  effect  (p  <  0.001,  Figure  63).  Protein  levels  increased  more  in 
females  (p  <  0.001)  than  in  males  (p  <  0=039).  Lavage  fluid  volume  vas 
affected  only  by  gender  and  not  by  fog  oil  smoke  exposure. 

Pulmonary  Cells 

Each  of  the  parameters  was  analyzed  in  a  two-way  ANOVA.  No  interactions 
involving  gender  and  fog  oil  smoke  were  detectable.  Total  cells  showed  a 
gender  effect  but  no  effect  due  to  fog  oil  smoke  concentration  (Figure  64).  A 
strong  (p  <  0.001)  effect  of  fog  oil  smoke,  but  no  gender  effect,  was  seen  in 
both  percentages  of  macrophages  and  of  PMNs.  The  percentage  of  lymphocytes 
was  affected  by  both  gender  (p  =  0.053)  and  fog  oil  smoke  (p  =  0.042).  No 
effects  of  either  gender  or  fog  oil  smoke  were  detectable  with  respect  to 
percentages  of  viability. 

Hematology 

From  the  two-way  ANOVAs,  there  was  evidence  of  gender  and  fog  oil  smoke 
concentration  interactions  for  MCV,  MCHC,  and  the  percentage  of  hematocrit. 

For  MCV,  when  subtestiug  by  gender,  levels  dropped  significantly  (p  =  0.022) 
in  females  but  not  in  males  whose  levels  increased  although  not  significantly 
(p  =  0.212,  Figure  65).  For  the  percentage  of  hematocrit,  we  saw  a 
significant  (p  =  0.006)  decrease  in  females  but  no  change  in  males.  With  no 
interaction  involving  gender,  the  following  showed  an  effect  of  concentration 
when  pooled  over  sex:  RBC  (p  =  0.020)  and  hemoglobin  (p  =  0.031,  Figure  66). 
RBC  also  showed  a  significant  (p  <  0.001)  gender  effect.  WBC  and  MCH  were 
affected  only  by  gender. 

Xenobiotic  Metabolism 

Zoxazoiamine-Indueed  Paralysis  Time 

Univariate  ANOVA  of  paralysis  time  indicated  a  strong  fog  oil  smoke  effect 
(p  -  0.001)  but  no  effect  of  gender  (p  =  0.815,  Figure  67).  Subcests  of  the 
concentration  effect  showed  that  paralysis  time  decreased  more  in  females 
(p  <  0.001)  than  in  males  (p  =  0.053)  for  this  study. 

Enzyme  Activity 

There  was  no  evidence  of  a  gender  by  fog  oil  smoke  concentration 
interaction  for  any  of  the  variables  tested.  AiUl  activity  was  affected  by 
exposure  to  fog  oil  smoke.  This  was  true  when  pooling  over  geuder  (p  <  O.OGi) 
or  when  examining  sables  (p  <  0.001)  and  females  (p  <  0.001)  separately 
(Figure  67).  No  changes  due  to  gender  or  to  fog  oil  smoke  were  detectable  in 
cytochrome  P45G  levels. 


Table  16  summarizes  the  results  or  Phase  -  III  Subchroaic  Study: 
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TABLE  16.  SUMMARY  OF  PHASE  III  -  SUBCHRONIC  STUDY:  PART  C 


Pulmonary  Response 

Parameter 

Female 

Male 

Histopathology 

Slight  t  macrophages 

Moderate  t  macrophages 

Body  weight 

Overall  male  effect 

Overall  male  effect 

Lung  weight 

t  at  1.5  mg/L 

t  at  1.5  mg/L 

Pulmonary  physiology 

Overall  male  effect 

Overall  male  effect 

Pulmonary  edema 

t  at  1.5  mg/L 

t  at  1.5  mg/L 

Pulmonary  cells 

4  %  macrophages 
t  l  PMNs 
t  %  lymphocytes 

4  %  macrophages 
r  l  PMNs 

Systemic  Response 


Histopathology 

Congestion  of 
mandibular  lymph  nodes 

Congestion  of 
mandibular  lymph  nodes 

Hematology 

4  MCV 

4  X  hematocrit 
i  hemoglobin 

4  RBC 

AHH  activity 

t  at  1.5  mg/L 

t  at  1.5  ag/L 

Zoxazolaaine- induced 
paralysis  time 

4  at  1.5  ag/L 

NSa 

Cytochrome  P450 

NS 

NS 

no  significant  effects 


DISCUSSION 


Based  on  the  results  of  these  studies,  there  appears  to  be  both  a 
pulmonary  and  systemic  response  in  rats  due  to  inhalation  of  fog  oil  smoke. 
Mortality  studies  demonstrated  a  steep  mortality  curve  by  both  time  and 
concentration.  There  was  no  difference  between  sexes  as  to  mortality.  The 
LC3o  for  fog  01?  smoke  was  determined  to  be  5.2  mg/L  for  3.5  hr  of  exposure. 
Results  were  simij.,'r  in  the  4-wk  subacute  and  13-wk  subchronic  exposures  with 
the  extent  of  injury  being  concentration-  and  time-related. 

Body  weight  decreases  were  observed  during  both  subacute  and  subchronic 
exposures.  This  appeared  to  be  the  result  of  the  fog  oil  smoke-exposed  rats 
not  eating  during  the  days  when  exposures  were  occurring.  Then,  during  the 
intervening  days  from  one  weekly  exposure  to  another,  the  animals  ate  and 
regained  some  of  the  weight  lost  during  exposure.  It  is  therefore  reasonable 
to  conclude  that  increased  fog  oil  smoke  concentration  and  longer  exposure 
times  contributed  to  a  decrease  in  normal  weight  gain  over  the  exposure 
period.  During  the  subacute  studies,  increasing  the  frequency  of  exposure  did 
not  affect  body  weight.  The  actual  weight  loss  after  the  subacute  exposures 
in  the  worst  case  situation  was  less  than  10%.  This  difference  appears  to  be 
due  to  an  anorexigenic  effect  on  the  days  when  exposure  occurred.  During  the 
subchronic  studies,  the  weight  loss  in  males  was  substantial  (-72  g)  at 
1.5  mg/L  and  appears  to  be  an  indication  of  toxicity.  The  females  also  lost 
weight  during  the  subchronic  study  (-10  g);  however,  the  loss  was  not 
significant. 

Male  and  female  rats  exposed  to  0.5  or  1.5  mg/L  of  fog  oil  smoke  for 
either  70  min  or  3.5  hr/day.  4  days/wk  for  4  wk,  exhibited  increased  alveolar 
macrophage  populations  in  the  alveoli  of  their  lungs.  The  cytoplasm  of  these 
macrophages  contained  eosinophilic,  protein-like  material.  The 
treatment-related  lesions  were  concentration  dependent.  The  severity  of  this 
effect  was  slight  to  moderate  in  rats  exposed  to  1.5  mg/L  and  minimal  to 
slight  in  rats  exposed  to  0.5  mg/L.  In  addition,  multifocal  pneumonitis  was 
observed  in  some  male  rats  exposed  to  1.5  mg/L,  but  no  sign  of  pneumonitis  was 
seen  in  female  rats  at  this  concentration.  No  treatment-related  lesions  were 
observed  in  the  other  tissues  examined.  After  the  subchronic  exposures, 
treataent-celaced  lesions  were  observed  in  both  male  and  female  rats.  A 
coueeatratiou-celated  accumulation  of  oaerophages  was  present  in  the  alveolar 
lumen  and  sinusoids  of  the  peribronchial  lymph  nodes  of  rats  exposed  at  0.2, 
0.5,  and  1.5  ag/L.  The  lesions  observed  after  1.5  »g/l  exposure  were  still 
evident  following  the  4-wk  recovery  period.  No  lesions  were  observed  in 
control  animals.  Congestion,  focal  hemorrhage,  and  multifocal  granulomatous 
pneumonia  were  also  observed  in  the  male  cats  after  1.5  mg/L  exposure.  Some 
granulomas  formed  after  13  wk  of  exposure,  but  the  majority  were  not  observed 
until  after  the  4-wk  recovery  period.  This  occurrence  suggests  a  progressive 
lesion  after  cessation  of  exposure. 

Of  the  pulmonary  physiology  parameters  studied,  only  lung  wet  and  dry 
weights  and  ££Y  were  s lent  *  leant ly  aEEcelcd  after  4  of  13  wk  oE  exposure  to 
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1.5  mg/L.  None  of  the  parameters  showed  significant  effects  at  the  0.2  or 
0.5-mg/L  concentration.  Because  lung  wet  and  dry  weights  were  affected  at  the 
1.5-mg/L  concentration  in  the  same  manner,  we  believe  this  is  due  to  an 
increase  in  lung  cellularity,  as  verified  by  the  pathology  results.  This 
effect  was  evident  in  both  females  and  males,  both  immediately  after  exposure 
and  after  the  recovery  period.  Because  diffusing  capacity  was  unchanged  and 
normal  gas  exchange  was  maintained,  we  speculate  that  the  significant  increase 
in  EEV  at  1.5  mg/L  observed  during  subacute  exposure  (4  wk)  may  be  an  attempt 
of  the  animal  to  compensate  for  a  change  in  the  alveoli,  such  as  oil 
deposition  or  cell  infiltration.  Because  it  is  not  uncommon  to  observe 
increases  in  EEV  following  exposure  to  a  respiratory  irritant,  the  animal  may 
have  been  responding  to  the  exposure  by  taking  shallower  breaths. 

The  effect  of  fog  oil  s^oke  on  pulmonary  cells  was  supported  by  the  lung 
weight  changes  and  the  histopathology  results.  Cell  viability,  total  cell 
count,  and  cell  differentials  were  measured.  There  was  a  significant  increase 
in  total  cells  following  both  subacute  and  subchronic  exposure  to  1.5  mg/L, 
which  appeared  to  be  due  to  an  influx  in  PMNs.  There  was  a  25%  increase  of 
alveolar  macrophages  following  the  4-wk  subacute  exposure  to  0.5  mg/L  as 
compared  to  controls.  However,  these  data  are  difficult  to  interpret  because 
the  control  values  are  lower  than  historical  control  data  from  this 
laboratory.  Yet,  in  the  subchronic  exposures  to  0.5  mg/L  there  was  also  a 
significant  increase  in  the  percentages  of  PMNs  and  lymphocytes  and  a  decrease 
in  the  percentage  of  macrophages  indicating  an  inflammatory  response.  Rats 
exposed  for  4  wk  to  1.5  mg/L  also  showed  an  8%  increase  in  the  percentage  of 
eosinophils  in  the  total  cell  population.  However,  due  to  heteroscedasticity 
and  non-normal  data  problems,  no  biological  significance  should  be  attributed 
to  these  data.  Viability  of  the  pulmonary  cells  appeared  to  be  enhanced  by 
the  subacute  fog  oil  smoke  treatment  at  both  the  0.5-  and  1.5-mg/L 
concentrations;  however,  there  was  a  significant  interaction  between 
replicates.  Effects  were  actually  greater  at  0.5  mg/L  than  1.5  og/L.  The 
mechanisms  responsible  are  unknown.  It  is  possible  that  the  fog  oil  smoke 
caused  a  lysis  of  resident  nonviabie  cells,  and/or  the  influx  of  new  cells 
(primarily  PMN$)  leading  to  an  apparently  higher  viability.  Biologically 
important  changes  in  lymphocyte  populations  were  not  noted  after  any  exposure, 
although  in  some  cases  statistically  significant  increases  were  noted. 

Protein  levels  in  the  lungs  were  measured  as  an  indicator  of  pulmonary 
edema.  Ve  concluded  from  these  studies  that  rats  exposed  to  0.2,  0.5,  and 
1.5  ag/L,  for  4  or  13  wk,  regardless  of  duration  time  or  sex,  showed  an 
increase  in  protein  content  of  the  lung  lavage  fluid.  This  protein  increase 
was  probably  due  to  leakage  of  serum  proteins  into  the  lung  that  accompanies 
edema. 

Various  extrapulmonary  parameters  were  measured.  The  behavioral  data 
reported  (figure-eight  mare  response)  lack  a  meaningful  biological  espial ation 
for  the  patterns  observed.  It  is  most  likely  that  the  significant  interaction 
reported  was  a  statistical  artifact  and  that  the  effects  of  the  4-wk  exposures 
were  either  negligible  or  not  detectable  with  this  sample  siae.  it  was 
decided  that  further  testing  with  such  large  numbers  of  animals  was  n«t 
practical;  thus,  this  parameter  was  eliminated  from  further  studies. 
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Clinical  chsmistry  parameters  were  measured  as  both  a  toxicological 
indicator  and  quality  control  measure.  Significant  effects  were  seen  most 
often  at  the  2  day/wk  for  4-wk  frequency,  at  the  3.5-hr  time  and  0.5-mg/L 
concentration.  However,  effects  in  the  worst  case  exposure  group  are  lacking 
and  the  data  do  not  suggest  any  trends.  The  significant  decrease  in  serum 
triglycerides  after  13  wk  of  exposure  to  1.5  mg/L  of  fog  oil  smoke  was 
probably  the  result  of  dietary  change  as  reflected  in  the  weight  loss 
reported.  The  amylase  increase  could  be  explained  by  pancreatic  disease,  but 
no  histopathological  evidence  supported  this  theory.  It  is  more  likely  that 
the  ingestion  of  oil  by  preening  caused  a  stimulation  of  the  salivary  glands, 
which  in  turn  caused  a  release  of  amylase  into  the  bloodstream.  Thus,  we  must 
conclude  that  the  fog  oil  smoke  did  not  adversely  affect  the  clinical 
chemistry  parameters  in  any  consistent  trend.  From  a  quality  control  point  of 
view,  this  suggests  homogeneity  between  the  exposed  and  control  groups. 

Various  hematological  parameters  were  measured  to  determine  the  effects  of 
fog  oil  smoke  inhalation  on  the  blood.  In  the  subacute  studies'  worst  case 
situation  (highest  concentration  for  the  longest  and  most  frequent  exposure), 
there  was  a  significant  decrease  in  MCV  that  appeared  to  be  compensated  for  by 
ar.  increase  (though  not  significant)  in  the  number  of  RBC.  In  the  subchronic 
studies,  there  were  differences  between  female  and  male  rats  after  13  wk  of 
exposure  to  1.5  mg/L  of  fog  oil  smoke.  The  combined  hematological  effects 
ohserved  in  the  female  suggest  the  possibility  of  an  anemic  response.  The 
significant  decreases  in  MCV  and  in  percentage  of  hematocrit  are  outside  the 
lower  boundary  of  normal  for  albino  rats.  The  drop  in  hemoglobin  was 
statistically  significant  but  still  within  normal  limits,  as  was  the  RBC. 
Further  examination  of  hemotological  parameters  would  be  necessary  to  form  a 
firm  conclusion. 

There  appeared  to  be  little  to  no  immunological  response  to  fog  oil  smoke. 
Mitogen  response  of  spleen  and  WBC  was  negative,  but  there  was  some 
enhancement  of  NK  cell  activity  after  the  subacute  exposures.  This  suggested 
that  the  fog  oil  smoke  was  introducing  new  antigens  ;‘.n  some  way  (possibly  by 
alteration  of  ho“t  cell  membranes),  which  subsequently  stimulated  NK  cell 
activity.  NK  ceil  activity  is  thought  to  have  a  major  role  in  immune 
surveil lauce.  However,  it  is  important  to  note  that  two  different  strains  of 
rats  were  used  for  the  4-wk  (Fischer  344)  and  the  subchroaic  (CD)  studies  due 
to  exposure  logistics.  Correlations  should  not  be  drawn  between  these  data. 

Four  parameters  of  xenobiotie  metabolism  were  measured: 
pentobarbital- induced  sleeping  lime,  zoxazolamine-induced  paralysis  time, 
cytochrome  P45Q  coueentratiou ,  and  AiiH  activity.  There  was  no  reproducible 
change  in  sleeping  time  or  liver  cytochrome  P450  due  to  fog  oil  smoke 
exposure.  However,  paralysis  time  and  AHH  activity  were  significant’ y 
decreased  at  0.2,  0-5,  and  l.S  mg/L  of  fog  oil  smoke  (4  and  13  wk)  in  a 
eoaeetttratiau-respoftse  manner.  The  alterations  in  Alii!  activity  and 
zaxazolaaine- iudueed  paralysis  time  but  not  cytochrome  P4$Q  or  sleeping  time 
suggests  a  selective  effeet  on  cytochrome  Pl-45d,  which  is  responsible  for  SAP 
metabolism.  This  induction  of  AHH  could  be  due  to  the  polycyclu  hydrocarbons 
in  the  fog  oil  smoke.  Because  these  are  extrapulmonary  effects,  the  question 
arose  as  to  whether  the  effects  in  the  liver  were  due  to  ingestion  of  the  fog 


oil  smoke.  As  reported  in  the  results,  a  comparison  of  whole-body  to 
nose-on,1  y  exposure  showed  no  difference  in  paralysis  time  due  to  method  of 
exposure.  This  confirms  that  the  results  were  due  to  inhalation  of  the  smoke 
and  not  to  ingestion  of  the  oil. 

In  conclusion,  4-wk  subacute  and  13-wk  subchronic  inhalation  of  fog  oil 
smoke  appeared  to  cause  an  inflammatory  and  edematogenic  response  in  the  lungs 
of  male  and  female  adult  rats,  yet  pulmonary  function  and  gas  exchange  were 
not  significantly  compromised.  Formation  cf  granulomas  after  the  recovery 
period  suggests  a  progressive  lesion  in  the  lung  following  the  subchronic 
exposure  in  the  male  rats.  Extrapulmonary  effects  consisted  of  altered 
xenobiotic  metabolic  mechanism,  as  suggested  by  a  possible  induction  of  a 
specific  isoenzyme  of  the  cytochrome  P450  system. 


DISTRIBUTION  BIST 

No.  of  Copies 

6 

Project  Manager  for  Smoke/Qbscurants 
Bldg.  324 

ATTN:  AMCPM-SMK-E  (Dr.  Lock) 

Aberdeen  Proving  Ground .  MD  21005-5001 

1 

Commander/Director 

Chemical  Research,  Development  and 
Engineering  Center 

ATTN:  SMCCR-MUS-P  (Mr.  Young) 

Aberdeen  Proving  Ground,  MD  21010-5423 

1 

Commander/Di rector 

Chemical  Research,  Development  and 
Engineering  Center 

ATTN:  SMCCR-RST-E  (Mr.  Weimer) 

Aberdeen  Proving  Ground,  MD  21010-5423 

1 

Officer- in-Charge 

Naval  Medical  Research  Institute 
Toxicology  Detachment 

Building  433 

Wright-Patterson  AFB,  OH  45433 

1 

HQDA  (DASG-PSP-0) 

5111  Leesburg  Pike 

Falls  Church,  VA  22041-3258 

1 

Commander 

US  Air  Force  Aerospace  Medieal 

Research  Laboratory 

ATTN:  Toxic  Hazards  Division 

8idg.  75,  Area  B 

Vright-Patterson  AFB,  OH  45433 

1 

Commander 

US  Army  Medical  Research  and 

Development  Command 

ATTN:  SGRD-PLC 

Fort  Detrick 

Frederick,  MD  21701-5012 

1 

Ciseaauder 

US  Army  Health  Services  Command 

ATTN :  HSCL-P 

Fort  Sam  Houston,  TN  78234-6000 

Commander 

US  Army  Armament  Munitions  & 

Chemical  Command 
ATTN:  AMSMC-SC- 
Rock  Island,  IL  61299 

Commander 

US  Army  Environmental  Hygiene  Agency 
ATTN:  HSH3-AD-L 

Aberdeen  Proving  Ground,  MD  21010-5422 

Commander 

USACACDA 

ATTN:  ATZI-CAM 

Fort  Leavenworth,  KS  66027 

Commander 

US  Army  Environmental  Hygiene  Agency 
ATTN:  HSHB-OA 

Aberdeen  Proving  Ground,  MD  21010-5422 
Commander 

US  Army  Training  and  Doctrine  Command 
ATTN:  ATMD 

Fort  Monroe,  VA  23651-5000 
Commander 

US  Army  Forces  Command 
ATTN:  AFMB 

Fort  McPherson,  GA  30330 

Commanding  Officer 

Naval  Weapons  Support  Center 

Code  5601  (D.  Haas) 

Crane,  IN  47522 

HO  US  Army  Materiel  Comaad 

AtTN:  AMCSG-S 

5001  Eisenhower  Ave. 

AUsaadfU,  VA  22333-5001 

Commanding  Officer 

Naval  Weapons  Support  Center 

ATTN:  Cade  5063  (Dr.  Kennedy) 

Crane,  IN  47522 

Command*' 

US  Army  Medical  Dioeniji  nee  ring  Research 
and  Development  Laboratory 
ATTN:  SORD-C02-C 
Fori  Detnek 

Frederick,  MD  21701-5010 


US  Army  Medical  Research  aad 
Development  Command 
ATTN:  SGRD-RMS 
Fort  Detrick 

Frederick,  MD  21701-5012 

Defense  Technical  Information  Center 
ATTN:  DTIC-DDA 
Cameron  Station 
Alexandria,  VA  22314 

Dean,  School  of  Medicine 
Uniformed  Services  University  of 
the  Health  Sciences 
4301  Jones  Bridge  Road 
Bethesda,  MD  20014 


